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OIL MEANS MILES 


The family car 
the modern bus... 
diesel train . . . depend on oil 

to speed them along mile after mile. 
Speed in the oil fields saves valuable rig 
time .. . the simulteneous recording of all 

curves permits Schlumberger to immedi- 

ately deliver complete electrical log 


prints in the field. 


d Schlumberger means Service 


Schlumberger Well Surveying Corp. e@ Houston, Texas 

















is the complement of drilling 


As the churning drill bit chews a hole through water-bearing formations, it 
destroys the natural barriers that held these waters captive. And that creates 
cementing’s job... to restore these barriers as well or better than before, and 
to form a bond of cement between wall and casing as though no hole were 
there. When drilling is done with cementing in mind both jobs are more 
successful. Halliburton will gladly advise you prior to drilling on the many 
factors that affect cementing. This advice, based on million-job experience and 
25 years’ extensive research, may save you time and money and help increase 
production. More and more operators wisely regard Halliburton cementing 
as the complement of drilling. 


THERE S N T 


HALLIBURTON o1t wett CEMENTING COMPANY 


DUNCAN, OKLAHOMA 





for real 


by EMULSION -BREAKING 


See” ACTION! 


ONE drum of the right Visco formula for your oil will vel 


you the real emulsion-breaker action that makes perma- 
nent Visco customers. DRY oil. fast. at a treating cost per 
barrel that will be a pleasant surprise. is what you can 
expect—and get—with Visco. Call Houston. Capitol 7300. 


collect. for serviee as fast and efficient as Visco Chemieals. 


VISCO PRODUCTS COMPANY 
NCORPORATED 
2600 Nottingham at Kirby 


Houston 5, Texa 
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IS THERE A DIFFERENCE 


mw CORE ANALYSES? 


ASK AN INSTITUTION WHICH 


FINANCES RESERV ES 


























At no stage during the productive life of an oil field does the quality 
of reservoir information become more pronounced than during finan- 
cial negotiations for the purchase or production of reserves. With such 
data, from a recognized source, the points of economic reality are more 
quickly resolved. Without it, negotiations often disintegrate. 


The development of reliable core analysis data goes far beyond the 
mere compilation of mechanically-procured information. Frequently, 
when the inconstant behavior of a particular reservoir contradicts the 
results of routine laboratory procedure, interpretation must be integrated 
with the logic of past experience and research in many other areas. 


Core Lab data from 28 area facilities are accepted by financial organi- 
zations as accurate, comprehensive information based on 18 years’ 
experience, 25,000 individual core analyses, and 700 different reservoir 
fluid analyses. 


To facilitate the future acceptance of reservoir data, make today’s 
analysis Core Lab’s. 


CORE LABORATORIES, INC. 


sof! cORE ST eae ES YT. DALLA &, Fara S 


DALLAS, HOUSTON, CORPUS CHRISTI, MIDLAND, ABILENE, SAN ANTONIO, TYLER 
TULSA, FT. WORTH. WICHITA FALLS, OKLAHOMA CITY, AROMORE, GREAT BEND 
NEW ORLEANS, SHREVEPORT, HATTIESBURG, JACKSON, LAFAYETTE, DENVER, 
BAKERSFIELD, WORLAND, STERLING, BILLINGS, CASPER, EL DORADO, LUBBOCK 
FARMINGTON, LOVINGTON, CALGARY, EDMONTON, REGINA, CANADA; VENEZUELA, S. A 
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ON THE COVER 

Salt water gushes from a formation 
far beneath the surface as a drill- 
stem test is made on a wildcat well. 
This is 
moments in the oil patch, when the 
type of fluid that has entered the 
drillstem during the test is revealed. 
Also, 
for the roughneck, who tries to avoid 


one of the most exciting 


it is a moment of carefulness 


being drenched by the spurting liquid. 
Photo by Humble Oi! and Kefining Co. 
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OF 


the FIRST seraioher 


B and W Scratchers 
and Centralizers 
F for a Good 
B and W Cement Job. 


Wall Cleaning Guide 
? 


by a Ate, 
e- Ain 
“J 4 B and W 


dé Nu-Coil Scratcher 


B and W 
Multi-Flex Scratcher 


Bond W 
Rotating 
Scratcher 


Latch-On Centralizer 
with the New 
Kon-Kave Bow 


DON'T DELAY 
WRITE FOR YOUR 
RULER TODAY 


First in 
the Field... 


B “AW (ue. 


Well Completion Specialists 
GULF COAST WEST COAST 
P. O. Box 5266 3545 Cedar Avenue 
Houston 12, Texas Long Beach 7, Calif 
WE-6603 long Beach 4-8366 


Phone 
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FIRES ARounp A 


To Increase Production 
in Tight Formations 


Penetrate FEET into tight formations... get extensive 
fissuring plus*large-diameter casing perforations. 
A “MUST” before fluid fracturing or acidizing. Use the 
Formation Fracturing Tool and be sure the fluid is getting 
back into the formation... in the desired zone. 


Insure getting through excessive contamination... and 
deep into the formation. 


An efficient, down-hole junk shot . . . far faster than milling 
or drilling. 


"Call WELEX and Be Sure.” 


General Offices: 1400 East Berry, 


Division Offices: Midland ¢ Houston ¢ Oklahoma City 
District Offices: Abilene e Ardmore e Beaumont e Corpus Christi e Falfurrias e 


Odessa e Pampa e Pauls Valley e San Angelo e Shawnee e 








“Above-the-Ground” Tests Prove 
the Formation Fracturing Tool’s Power 


the new 


elex 


FORMATION FRACTUE 
TO 


‘CORNER’. . . 


Now ... with the Welex Formation Fractu: 
ing Tool... you're assured of positive re 
sults. Fired straight down your well or at : 
90° angle horizontally into the formation 
the tool delivers several hundred thousand 
foot pounds of directed energy... where ir 
counts! 


Thirty-thousand-pound block of aged concrete serves as 
target for missile of Formation Fracturing Tool. Notice 
fissure Opening one millisecond after explosion. 


This powerful new tool fires a single round 

at terrific speed through the casing and 

several feet into the formation. You'll insure 

the results of every fluid fracturing and 

acidizing job with widespread fissuring 

positive deep penetration exactly where you 

want it. 

Dozens of field tests in both old and new = ome bs Bee a icles al duciaseates pets 
wells ...in open and cased holes... have will obtain in your formation. 
already proved the Formation Fracturing 

Tool. 


Developed by Welex . . . the same team that 
developed jet perforating... this revolu 
tionary new tool offers a solution to your 
production problem in any formation. Cal! 
the nearest Welex District Office... ou: 
representative will explain how the Form: 

tion Fracturing Tool can help you. 


INC. 


FORT WORTH, TEXAS 


@ Another test shows clean, 2-inch hole through four strings 
of casing and cement. No burrs or interior casing damage 
remain after firing. 


Gainesville e Great Bend e Hobbs e Houston 
Stillwater e Victoria e Wichita Falls 
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... With a 


The Type “H1” Hydraulic Anchor is recommended for 
use with all Guiberson production-type packers — or 


e 
any other comparable production-type packer —as a G viberson 


positive means of holding the packer and tubing down 


. 
while the well is pressured below the packer, as in Hydraulic 


acidizing or formation-fracture processes. It is also rec 





ommended for use in anchoring the tubing and packer 
in gas or water injection wells where the tubing pres- 
sure will exceed the casing pressure. The “H1” can be 
effectively used as a Hydraulic Anchor to keep the 
tubing from “breathing” in pumping wells having low 


working fluid levels. 


Simplicity of design and completely automatic 
operation make the “H1” exceedingly easy-running, 
easy-pulling — it may even be run upside down with- 
out the slightest effect on its operation. Case hardened 
piston slips in Monel inserts assure positive action and 
maximum corrosion resistance. Piston slips operate 
independently and provide equal distribution of grip- 
ping force against the casing I.D. with no localized high 
pressure areas. This, coupled with a limited piston slip 
stroke, positively precludes swaging or damaging casing 
in any way. Piston slip gripping area is 100°% ‘effective 
in any weight casing within the anchor size range. “H1” 
anchors are individually tested and will hold any pres- 
sure the tubing will stand. 


TYPE “H1" 









There's HOT NEWS to tally 





Aerial photo copyright by San Antonio News 





New $67,000,000 FALCON DAM throttles precious water to supply year- 
round flow to long-dry Rio Grande River 














while only 14 miles away -- 


PGAC successfully logs and perforates 
One of World's Hottest Wells 


The recording of PGAC’s Brons Neutron/Neu- 










You've read a lot of hot news lately from the 








valley down along the Mexican border of tron Log on this hole required less than six 
Texas. Floods, droughts . . . and now the new hours on well. Considering the high tempera- 
international Falcon Dam. Five miles wide, to tures encountered, this in itself was another 
store water forty miles upstream, this great satisfying achievement. And despite such in- 
dam assures year-round irrigation for the 200- tense heat, the log was recorded without 
mile fertile but parched valley between the drift, permitting immediate presentation of 
reservoir and the Gulf of Mexico. the original log without delay for re-drafting. 
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But here is more hot news — some you have After logging this well, PGAC also perforated 










not read yet! Only 14 miles from Falcon Dam it successfully with Jet Shot — with pin-point 
there’s a wildcat well, the Serapio Vela No accuracy, with complete safety. The extreme 
15-1, owned by the Standard Oil Company of temperatures in this wildcat again demon- 
Texas. This is believed to be the hottest well strated the superiority and dependability of 
in the world radiation-logged successfully PGAC equipment . . . “often complimented by 
Temperatures up to 349° F. were recorded imitation, but never equalled!” That's why the 
down to 13,000 feet — with over 400° F. re hotter, the deeper, the tougher wells come, 
ported below 17,000 feet — yet every piece the more certain you'll find them logged and 
of PGAC’s sub-surface equipment functioned perforated by PGAC. We'd sure like to serve 






without trouble of any kind. you too! 





PGAC 543 
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Houston, Texas Telephone: LYnchburg 4161 
General Offices: 3915 Tharp St. — Sales Office: Melrose Bidg. — Main Plant: 7730 Scott St. 
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PGAC OFFICES ALWAYS READY 1 RVE Y CALL THESE TELEPHONE NUMBERS FOR PROMPT SERVICE 
Ynchburg 416é Corpus Christi, 3 R 4 , s e, 4-5872 or 4-3092 Mission, 5-1687 f 
LOUISIANA: Shr port, 3-1648—Lake Charles, 4724 ? KA eat Bend, 4306 or 4307 NEW MEX 

OKLAHOM 4 3 ty tntra d 4 Pa f Iimore R57 


CANADA—ALBERTA PROVINCE: Edmont *¥) > P KATCHEWAN. Swift Current, 2311—Lloydminster, 247—¥ 








. CANADA—Perforating Guns of Canada, Ltd.; Edmonton, Alberta 
AFFILIATE COMPANIES: GERMANY-—Atlas Deutsch Amerikanische Olfelddienst; Kiel 
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Accurate, Consistent, Stable and Reliable 
Logs On Every Run In The Well 


SHARPSHOOTING THIN ZONES MADE PRACTICAL BY ‘‘PIN POINT"’ 
ACCURACY OF McCULLOUGH RADIATION WELL LOGGER 


of any potentially productive interval, thick or thin, 
they count’’ for greater production — more oil! 


measurement and definition 
putting the shots where 


McCULLOUGH 


RADIATION WELL LOGGER 
with SCINTILLOMETER (Coc Ry 88°) 


HERE ARE REASONS WHY: 


Efficiency in measuring 
Ss 100% 


Exact 
assures 








HERE'S A GOOD EXAMPLE: 


ympleted was in an old field where 
very thin and many of the sands approach 
An error of esheets few feet Very short length 
in measuremé differ between More detail y 
success or failure. Ran the McCullough Faster loggir 
tion Well Logger with Scintillometer a ‘d simul Calibrate 

taneously recorded Collar lo established vy U 


checked within 6” at 3600 Standards 
‘ Extremely stable 
Shot four t of - 


burrle-s holes in five f¢ Log accurately 
shale for W.S.O. On bailing test, there w no and out of hole 
fluid rise in 19 hours. Proceeded with production All controls at the surface. 
perforating of 200 plus holes with a 444" McCul 9. Log detail can be varied. 
lough M-3 Burrless Bullet Perforator in the No draft: no. sensitivit, 
zones indicated by the log between 11 all or selected band of entire 
3770’. There fluid rise by the ima radiations 
the last M-3 Gun was fired. The well was con ineous recording of collar log. 
pleted as a good commercial produce! or tracing log not necessary. 


LOG AND PERFORATE — by McCULLOUGH 


THE McCULLOUGH RADIATION WELL LOGGER WITH SCINTILLOMETER 
(GAMMA RAY AND NEUTRON LOGS) IS AVAILABLE IN MOST ACTIVE OIL 
FIELDS—-CALL YOUR McCULLOUGH SERVICE ENGINEER FOR COMPLETE 
INFORMATION 


The well ce gamma radiations 
the zones are 
produce 100 water 
ts means the 


counte! 


g speeds possible. 
ibsolute International Units 
ited States Bureau of 


Radia 


a collar log ations 


equipme! 


repeats itself--running in 


drift. 
range 


base line 
3633 and Records 
time of gan 
Simult 


Reto 


was a 400 


icning 























AND FISHING TOOL SERVICE—ANYWHERE—ANYTIME. 





PERFORATING, RADIATION LOGGING, 


McCULLOUGH TOOL COMPANY 


5820 South Alameda Street, Los Angeles 58, California 
405 McCarty Street (P. O. Box 2575) * Houston, Texas 


SERVICE LOCATIONS: TEXAS: Houston, Snyder, Alice, Cisco, Corpus 
Christi, McAllen, Odessa, Tyler, San Angelo, Victoria, Wichita Falls, Luling, 
Sherman, Midkiff, El Campo. OKLAHOMA: Oklahoma City, 
Guymon, Healdton, Hominy, Wewoka. ARKANSAS: Magnolia. MISSIS- 


Beaumont, 


CABLE ADDRESS: MACTOOL 
EXPORT OFFICE: Los Angeles, California 
CANADA: Edmonton, Calgary, Grande Prairie, Alberta; Regina, Sask. 
VENEZUELA: United Oilwell Service Co., S. A.; Caracas, Anaco, Maracaibo 


SIPPI: Laurel. NEW MEXICO: Hobbs. KANSAS: Great Bend. WYOMING: 
Casper, Cody, Newcastle. CALIFORNIA: Los Angeles, Avenal, Bakersfield, 
Ventura. LOUISIANA: Houma, Lake Charles, New Iberia, Shreveport. 
COLORADO: Sterling NORTH DAKOTA: Williston. UTAH: Vernal 
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NOW BUILT WITH RACK AND 
PINION FOR GREATER EASE AND 
CONVENIENCE IN MOVING THE 
COUNTERWEIGHTS. 


ALL FOUR COUNTERWEIGHTS 
CAN BE ADJUSTED WITHOUT 
REPOSITIONING CRANKS. 


THE SAME RUGGED SIMPLICITY 
WITH ADDED SAFETY AND 
CONVENIENCE. 


wr sii) 
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A ONE MAN CREW IS 
ALL THAT’S NECESSARY 


FOUNDRY & MACHINE COMPANY 


LUFKIN, TEXAS 


Branch sales and service Houston, Dallas, New York, Tulsa, Los Angeles, Seminole, Oklahoma City, Corpus Christi, Odessa, 


Kilgore, ‘Wichita Falls, Casper, Wyoming, Great Bend, Kansas, Effingham, Illinois, Duncan, Oklahoma, Brookhaven, Mississippi 
Lufkin Equipment in CANADA is handled by 
THE LUFKIN MACHINE CO., LTD., 14321 108th Avenue, Edmonton, Alberta, Canada. 
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WITH A 


BAKER 


The difficult operation of cementing a 
string of casing at a predetermined point 
above the bottom of the hole, and at the 
same time protecting a permeable, low- 
pressure zone (or zones) below from 
cement contamination is being successfully 
performed with the Baker Triplex Cement- 
ing Shoe 

The features of design and construction 
which ensure success of the Baker Triplex 
Cementing Shoe are all “time proven” 
Baker principles. The Baker “Whirler” 
principle has proved to be far superior to 
undirected jetting action, which often fails 
to prevent cement channeling, and may 
wash out dangerous cavities with resultant 


contamination of the cement slurry 


STRONG SAFE CONSTRUCTION 
The accompanying illustrations show how 
the full strength of the Triplex Cementing 
Shoe has been retained. There are no thin 
walls or elongated slots to weaken the 
shoe, and the operating mechanism is both 
sturdy and simple; see Fig. 1. 

The Triplex Baffle Collar (Product No. 
137 M&F, Fig. 2) stops the cementing plug 
a joint or two above the Triplex Shoe, thus 
retaining any cement tailings inside the 
casing and permitting only cement slurry of 
specified consistency to pass out the shoe. 

The Triplex Float Collar, with spring- 
loaded flapper valve (Product No. 134 
MAF, Fig. 3) likewise can be used as a stop 
for the cementing plug and provides an 


additional float valve in the casing. 


POSITIVE BACK-PRESSURE VALVE 
The spring-loaded flapper valve in Baker 
Triplex Cementing Shoes provides another 
important safety feature. While guiding 
and floating the casing, and when washing 
or conditioning the hole preparatory to 
cementing, the Baker Triplex Cementing 


Shoe operates as a conventional float shoe. 
rhe instant pump pressure is stopped, this 
flapper valve closes, and thereafter—even 
though leaks may develop in the casing or 
in the surface equipment—the cement is 
held in place behind the casing until it sets. 


“CENTRALIZED” CASING ASSISTS 
OPERATION 

By mounting Baker Casing Centralizers at 
suitable intervals above the Triplex Shoe 
throughout the zone to be cemented, the 
“centralized” casing presents a uniform 
annulus for placement of an effective 
sheath of cement. A Baker Casing Cen- 
tralizer mounted immediately above the 
Triplex Shoe serves to center the Metal 
Petal Basket so that it expands uniformly 
against the wall of the hole, thus increas- 
ing its bridging effectiveness. 


OPERATION OF METAL PETAL BASKET 
The Baker Metal Petal Basket is attached 
to the Triplex Shoe in a manner that pre- 
vents it from being damaged during rota- 
tion or other movement of the casing. 
Afte: the Basket has been released, the 
casing can be rotated without damaging 
the Basket. Figure 4 shows details of con- 
struction of the “Metal Petal” Basket which 
consists of a number of individual petals 
made of flexible sheet metal. These petals 
are mounted on reinforcing ribs, which in 
turn are mounted or a ring. The petals 
overlap each other (either in closed or ex- 
panded position) by sufficient margin to 
prevent cement slurry above the Basket 
from passing to the formation below. 

After the hole has been washed and con- 
ditioned, the Baker Triplex Cementing 
Shoe is positioned at the desired cementing 
point and made operative as described on 
the Opposite page. 


Wrele mm -{-leiela-) 


The Baker Metal Petal Basket then 
expands to form a bridge even in large- 
diameter holes—readily conforming to hole 
irregularities over a wide range of diam- 
eters—and retains the cement slurry above 
the Basket. Lower, permeable, low-pressure 
zones are thus protected from contamina- 
tion by the cement slurry. 


GOOD “‘FIRST-TIME’’ CEMENT JOB 
With the Basket expanded, forming a 
bridge at this point, cementing is com- 
menced with the slurry being “whirled” 
upward around the “centralized ” casing. 
Danger of channeling is practically elimi- 
nated, and by “whirling” (not jetting) the 
slurry, the possibility of washing out cav- 
ities is minimized. 

















Boker 


Formula 





Concrete 


Guide 


Fig. 1 —Baker 


Fig. 3—Baker Male and 
Female Triplex Flapper 
Valve Float Collor 


Fig. 2— Baker Male 
and Female Triplex 
Cement Baffle Collar 


Fig. 4—Detail of 


Baker Metal Petal Basket Triplex Cementing Shoe 





= good FIRST TIME” 
CEMENT JOB 


while protecting permeable, low-pressure zones 


below from cement contamination 


HERE’S HOW THE TRIPLEX SHOE OPERATES 


Aa Baker M&F Cement Baffle Collar is installed a joint 
or two above the Triplex Shoe to stop the cementing plug 
so that cement tailings are retained inside the casing, or a 
Baker M&F Cement Flapper Valve Collar can be used where 
an additional float valve is desired. 


a Baker Casing Centralizers are installed on, and above, 
the shoe joint to center the casing and provide a uniform 
annulus to receive the cement slurry. 


T x Hold-Down Strap (secured by shear screws) retains 
the Baker Metol Petal Basket close against the Triplex Shoe 
while running-in the casing and conditioning the hole. 


D> Cementing Ports are covered by the Tripping Valve until 
cementing is commenced. 


®, spring-loaded Flapper Valve permits passage of the 
cement slurry through the Triplex Shoe, but closes instantly 
to prevent any return flow of the slurry. 


@ ater reaching the desired point in the hole, circulation 
is established through the ample central passageway. A Trip- 
ping Ball is now pumped (or allowed to gravitate) downhole 
to seat upon Tripping Valve and prevent circulation through 
the Shoe. Pressure of 400-500 psi is applied to the casing to 
shear the Tripping Valve Shea: Screws and force the Trip- 
ping Valve downward to expose the cementing ports. 


@ shearing these screws also releases the Basket Hold- 
Down Strap and allows the Metal Petal Basket to expand 
outwardly against the wall of the hole. The Basket has a wide 
range of expansion and forms a bridge in large-diameter 
or irregularly-shaped holes far beyond the range of a rubber 
packing element. 


Wi 


SUCCESSFUL CEMENTING FOLLOWS 
The cementing operation is now carried out in the conven- 
tional manner with the cement slurry directed upward with 
the exclusive Baker ‘‘Whirling” action. 


Nii WS 
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EASILY DRILLED OUT 
Only readily drillable materials are used for all internal parts 
of the Baker Triplex Cementing Shoe; and two, one-half inch 
set screws hold the inner assembly stationary to facilitate 
drilling out. 


WH 


CONTACT any Baker represen- 
tative or office for complete details as + 
well as specific recommendations for B yA Kk ]: R 
using Baker Triplex Cementing Shoes. 4 
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PRODUCTION INCREASED FROM 
60 TO 450 BOPD WITH XM ACID 


DOWELL XM Acid treatment boosted production after 


ordinary acid failed to improve flow 
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in a quick kick-off and clean-up for the operator. 


This new oil well had been completed in a dolomitic 


limestone formation. Ordinary acid had failed to 


é ; ; : Other Dowell addition agents are designed to remove 
improve production from this and neighboring wells. 


: : mud from producing formations; to speed reaction 
\ trace of emulsion and incomplete return of the spent 


age, st rate; to increase penetrating ability; to increase wetting 
acid suggested that effective permeability had been e ey Ae 
ba ability and prevent emulsions; to remove “gyp”; to 
reduced by swollen silicates plugging the pore spaces, . ; : 
; trace fluid movement; to increase acid weight. 
The operator decided to employ a Dowell treatment For more information on Dowell addition agents and 


using XM Acid to control silicate swelling and increase the many oilfield services and products offered by 
production. As a result, production went from 60 to Dowell, call the nearest office. Or write directly to 


150 Bpopp and the XM Acid treatment resulted Tulsa, Dept. ©.15 


DOWELL SERVICE 


Look to 
Acidizing © Fracturing @ Electric Pilot @  Perfojet 


Paraffin Solvents © Bulk Inhibited Acid © Jelfiake™ 
Corban™ © Chemical Cleaning for Heat Exchange Equipment 
DOWELL INCORPORATED « TULSA 1, OKLAHOMA 


A Subsidiary of The Dow Chemical Company 


FOR OIL INDUSTRY CHEMICAL SERVICE 
“First in Oilfield Acidizing ... Since 1932” 





TypicAL DRILLING-INDUCED FRACTURES 


Fractures Induced During Drilling 


By Charles Pendexter and Richard E. Rohn 


The Carter Oil Co., 


Introduction 


In the study of fractured reservoirs it is essential 
to Know the extent to which the fractures contribute 
to the porosity and permeabiilty of the reservoir. The 
amount of fracture porosity can be determined by meas- 
uring the dimensions and abundance of fractures in 
cores brought to the surface. Therefore, it is necessary 
to know if the fractures in the core are representative 
of those originally present in the reservoir. 

During the examination of fractured cores from many 
areas the existence of artificially induced fractures has 
been established. Induced fractures are those formed 
during drilling operations and may be present in the 
strata adjacent to the well bore as well as in the re- 
covered core. 


Criteria by Which Induced Fractures 
May be Recognized 


Fractures formed in the cores during drilling can be 
recognized by the following criteria, which have been 
determined by examination of a large number of frac- 
tured cores: 

1. There is no mineralization or hydrocarbon resi- 
due on the fracture surface. 

2. In broken cores the halves may be fitted back 
together tightly, the edges of the core at the fracture 
edge matching without overlap of either halt of the 
core. 

3. Induced fractures usually curve abruptly into the 
center of the core in a down-the-hole direction as 
illustrated in Fig. 1. In the majority of the cases 
where the base of the fracture could be observed, the 
fracture ended at a change in lithology 

4. Induced fractures generally split a core into equal 
halves. 


MARCH, 


Tulsa, Okla. 


5. Induced fractures often show a slight rotation 
about the core axis. 


In cores from three fracture producing zones approxi- 
mately 50 per cent of all observed fractures are char 
acterized by these features. Such fractures have been 
found in all stages of development, ranging from only 
the upper sloping part a few inches in length to frac- 
tures several feet long. On the basis of these observa- 
tions it is believed the the differentiation of induced 
fractures from natural fractures is possible in most areas 


(Continued on Page 49) 
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INCHES 


DRILLING-INDUCED FRACTURE WHICH 
FORMED AHEAD OF THE BIT. 
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Grayson Kirk, president of Columbia 


speaks at the Welcoming Luncheon. 


16 


Claude R. Hocott, 
McMillan. 


JOURNAL 


OF 


Frank M. Porter, and John R. 


PETROLEUM 


TECHNOLOGY 


University, 


Registrants Total 3,800 


For Annual AIME Meeting 


Approximately 150 Petroleum Branch members were 
among the 3,800 men and women registered for the 
176th Annual Meeting of the AIME, held in New York 
last month. This petroleum attendance was slightly 
higher than for past New York meetings. 


The Petroleum Branch Dinner on Tuesday evening, 
Feb. 16, drew a crowd of 165, larger than normal, 
to hear Frank M. Porter, president of the API, speak. 


John R. McMillan assumed leadership of the Petro- 
leum Branch from Claude R. Hocott at this dinner. 
Leo F. Reinartz became Institute president the follow- 
ing night at the Annual Banquet, succeeding Andrew 
Fletcher. 

The South Plains Local Section was awarded the 
banner given yearly to the section of the entire Institute 
having the largest per cent gain in membership. M. C 
Gulledge of Magnolia, Brownfield, Tex., accepted the 
award at the Institute Welcoming Luncheon. 

The technical program for the Petroleum Branch, 
which consisted of 10 papers, was well received. 

The report of the Production Review Committee, 
given by R. B. Gilmore, chairman, A. H. Chanman, 
Milton Williams, and E. W. Shaw, drew a large at- 
tendance. This comprehensive report is available free 
of charge from the Dallas Office to AIME members 

ee advertisement elsewhere in this isue). 
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Petroleum Branch Affairs 


Local Section Appropriations 
for 1954 


A problem that has concerned 
the AIME Board of Directors, the 
AIME Council of Section Delegates, 
and many of the local sections them- 
selves during the past year has been 
the matter of appropriations to local 
sections. Appropriations to sections 
were granted initially by the Institute 
to assist some of the sections that 
had financial difficulties, but during 
the past few years the appropriations 
have become a matter of standard 
procedure in the operation of most 
sections. The philosophy of making 
appropriations from the Institute 
headquarters to the sections has been 
a highly controversial issue — some 
members object to it strongly. How- 
ever, the idea has prevailed that if 
appropriations were to be granted, 
any section ought to be entitled to 
them as any other, with the net 
result that the entire matter had 
become a problem of major pro- 
portions. 


The AIME Counci! of Section 
Delegates devoted a good part of 
its all-day session on February 13 at 
the recent AIME Annual Meeting 
to the subject. Many of the sections 
would favor the discontinuance of 
appropriations from the Institute al- 
together, if the Institute dues could 
be lowered by a like amount. How- 
ever, such sections take the posi- 
tion that if appropriations are to be 
made, they should be granted on 
some equitable basis that is fair to 
all groups, such as a given amount 
per member. This resulted in a Coun- 
cil of Section Delegates recommend- 
ing to the AIME Board of Directors 
that each local section be granted 
a refund of $1.00 for each member 
residing in its territory. This was ac- 
companied by a recommendation that 
a portion of the initiation fee of new 
members be refunded to the sections 
also. The Board took the matter 
under study and then acted on the 
recommendations in a later session. 
The final result is that appropriations 
to local sections in 1954 will be 
made as follows: 


1. Fifty cents per member: Each 
local section will be refunded 
50 cents for each paid-up mem- 
ber in its territory. The date 
on which the section member- 
ship will be taken for the pur- 
pose of figuring the refunds 
has not yet been set, but all 


sections will be on the same 
basis. Each section will have 
the option of taking the refund 
or not. 
One-half of initiation fee for 
new members: Each local sec- 
tion will be refunded one-half, 
or $10.00 of the initiation fee 
of each new Member or Asso- 
ciate Member residing in its 
territory. How the disburse- 
ments will be made on initia- 
tion fees that are paid in install- 
ments has not yet been 
determined and this will likely 
influence the total amount re- 
funded from initiation fees. 
No travel expense for section 
delegates in 1955 will be paid 
by the Institute. Expenses were 
paid for the current year, but 
starting next year each section 
must arrange the travel ex- 
pense of its delegate to the 
Institute Annual Meeting. 
Admittediy, the new plan will ben- 
efit some sections, and will work 
a hardship on others. The hardship 
cases will be handled individually. 
Most of the Petroleum sections will 
receive more money under the new 
plan than under the old, and the 
total for the Petroleum Branch will 
be more. Expenses for petroleum 
local sections in the Branch budget 
for 1953 totaled $4,663, whereas 
the total for 1954 is estimated at 
$6,500. A comparison of two specific 
sections is shown below, based on 
the assumption that these two sec- 
tions will secure approximately the 
same number of new members in 
1954 as they did in 1953. Junior 
members comprise 37 per cent of the 
Branch professional membership at 
the present time, so it was assumed 
that 63 per cent of the applications 
for 1953 were for the grades of 
Member and Associate to determine 
the number of applicants who will 
pay initiation fees. The figures are 
based on section membership for 
Jan. 1, 1954, which might not be 
used in calculating the refunds per 
member. 


...@sS interpreted by JOE B. ALFORD 
Executive Secretary, Petroleum Branch 


The figures below compare the 
status of a large section and a small 
one for the two years. In general, 
the larger sections wil! benefit more 
than the small ones, and sections 
that have a small membership with 
little potential for new members will 
be hard hit. However, most of the 
petroleum sections will fare rather 
well under the new plan, and most 
of them will have adequate funds 
to send a delegate to the 1955 An- 
nual Meeting in Chicago if payment 
of his expenses is necessary. 

The Petroleum Section Confer- 
ence, composed of two representa- 
tives from each petroleum local sec- 
tion, voted in Dallas on Oct. 18, 
1953, to recommend the discontin- 
uance of all refunds to local sec- 
tions after 1954, except for sections 
less than two years old. Although 
some of our sections reversed their 
position in the recent meeting in 
New York, it was on the premise that 
if refunds are granted they should be 
made on an equitable basis, and the 
petroleuni sections agree generally 
with the philosophy that all local sec- 
tions should be self supporting. 


T. A. Pollard of Magnolia Field 
Research Laboratories in Dallas was 
appointed Petroleum Branch treas- 
urer for 1954 by the Branch Execu- 
tive Committee in its New York 
Meeting. As a part of his function 
as treasurer, he will undertake a 
study of the problems in financing of 
local sections. and tnis will undoubt- 
edly result in some recommendations 
that may assist local sections with 
the problem. 

As a matter of policy, the Petro- 
leum Branch Executive Committee 
took the position in New York that 
it should not interfere with the finan- 
cial affairs of local sections, except 
to render assistance where possible. 
However, the committee is unani- 
mous in the belief that local sec- 
tions should be financially self sup- 
porting, and the committee urges 
each section to aim toward reaching 
this goal as soon as possible. *** 


Approximate Number 


New Members 
and Associates 
Secured in 1953 


Membership 
Jan. 1, 1954 


Gulf Coast Section 829 50 


Kansas Section 
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Probable 
Revenue 


for 1954 
Refund: $415 
In. Fee: $500 


$915 
Refund: $ 65 
In. Fee $200 
$265 


1953 Institute 
Appropriation 
$400 
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D. W. AKINS ... THOMAS 


C. FRICK 


Petroleum Branch 


Vice-Chairmen 


1954 


D. W. “Red” Akins knows the AIME “from the 
ground up,” for he has served in just about every 
capacity in his rise to his newly-assumed job of vice- 
chairman of the Petroleum Branch. 


After serving on local committees during the early 
days of his membership, he was chosen as a director 
of the East Texas Section in 1946 and 1947. Next, he 
was elected chairman of the Section in 1948. Then, 
in 1949, he was a section delegate to the Annual Insti- 
tute Meeting, and in 1952 was instrumental in setting 
up the Lou-Ark Local Section, with headquarters in 
Shreveport, La. 

Red is now division petroleum engineer in Shreveport 
for Ohio Oil Co., having followed a “from the ground 
up” rise, similar to his AIME progression, for 21 years. 
In 1933, the year following his graduation from Texas 
A&M, he joined the Ohio construction department in 
East Texas. After serving as a roustabout, pumper, and 
roughneck, he became an assistant petroleum engineer. 
Then his rise followed to petroleum engineer, district 
petroleum engineer for East Texas, and, finally, to 
his present position. 


Fishing and duck-hunting in South Louisiana are 
Red’s favorite sports. Caring for the lawn, trees, and 
flowers around the home he recently built in the North 
Highlands section of Shreveport is reportedly making 
deep inroads into his hunting and fishing time now. 
Three young Akins, sons aged 16 and 12, and a daugh- 
ter aged 14, keep home life lively. Two additional 
fishing and hunting licenses are necessary each year 
since the boys are following their father’s hoboies. 


Akins is a member of the Shreveport Geological So- 
ciety. He is very active in the API, having been a mem- 
ber of the Petroleum Practices Committee for several 
years. Currently he is a member of their Committee 
on Standardization of Wire Rope By R. W. TaYLor 
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Thomas C. Frick, an Executive Committee member 
for three years and now chairman of the Branch 
Advertising Committee, is a new Branch vice-chairman 
for 1954. 

The Corpus Christi, Tex., engineer has had an out- 
standing AIME and professional carrer. He joined the 
AIME in 1936 while he was teaching petroleum engi- 
neering at the University of Tulsa. Immediately he 
organized a student chapter at the Oklahoma school, 
introducing the AIME to many outstanding Petroleum 
Branch members of today. 

He has served in many offices on the local section 
level. First, he was secretary-treasurer of the Mid- 
Continent Section, then chairman of the East Texas 
Section. Later he was chairman of the Permian Basin 
Section. Now he is a member of the Southwest Texas 
Section. 

Since 1941, Tom has worked for Atlantic. Now he 
is a regional coordinator, and manager of land explora- 
tion and production activities. After receiving his BS in 
petroleum engineering from the University of Tulsa 
in 1933, Frick worked first with Phillips Petroleum 
Co. Then, in 1936, he returned to the University to 
teach petroleum engineering. While there he did some 
graduate study, before moving on to Atlantic. 

Recently he was chosen for membership by the Uni- 
versity of Tulsa chapter of the Pi Epsilon Tau Honorary 
Petroleum Engineering Fraternity. 

The Fricks have two children Martha, 18, a 
University of Tulsa student, and Charles, 15, a hunting 
and fishing companion of his father 

At present his primary interest in AIME work is 
in connection with his duties as head of the Advertis- 
ing Committee of the JOURNAL OF PETROLEUM TECH- 
NOLOGY. With other committee members, he is working 
to promote more and better advertising in the magazine. 
“I certainly feel honored to have been selected as vice- 
chairman of the Petroleum Branch,” Frick states. “I 
have always enjoyed my work in the AIME and consider 
it the professional society to which all petroleum engi- 
neers should belong. By R. W. TayLor 
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Baash-Ross precision makes the big difference... 


Baash-Ross Drill Collars are the standard of the oil 
industry because, through years of specialized 
development, Baash-Ross has perfected manufacturing 


techniques that are unsurpassed... 


e Only carefully selected, fine-grain 


alloy steels are used. 


e Heat-treatment is precisely controlled 
to insure the best balance of wear-resisting 


hardness and shock-resisting toughness. 


e All machining operations are carried out 
to the highest standards, including 
individual survey of each threaded 


connection to insure precise joint alignment. 





For the utmoséin drill collar performance, be sure you specify Baash-Ross! 


| 


| 





Sse cure! NOW! NATIONAL 
: | = TANK COMPANY 
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in price. 


NATIONAL TANKS Fe NEW HARDWARE FOR 
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NEOPRENE TANK GASKETS NATIONAL TANK LEADS 


resists deterioration caused by: National Tank Company, in only 28 years, has 
1. Sour Oil produced many ‘firsts’ for bolted tanks . . . 


2. Aviation Fuels 1. The First “Long Base” oval hatch. 
3. High Propane Content Oils 2. The First anti-channel drain baffle. 
AVAILABLE WITH ALL ORDERS 3. The First extended cleanout box. 
NOW! WORLDWIDE 4. The First Neoprene ringlet and washer. 


a. Domestically Through Nationes Branches National Tank gave its assistance and knowledge in 
b. In Canada through National Tank Co., Ltd. building the API bolted Tank and Flange program. 
¢. Export through National Supply Co., Export This is the present API 12-B Standard and Armed 
Division Forces Standard. 
SIZES AVAILABLE FROM STOCK 
65 Bbl. 100 Bbl. | 250 Bbl. | Lo 500 Bbl. Lo 1000 Bbl. | 5,000 Bbl. 
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195 Bbl. | 300 Bbl. | 750 Bbl. 1500 Bbli. 3000 Bbi. 

















BE SURE TO ORDER TANKS ACCORDING TO 
API STANDARD 12-B 1953 EDITION 


LES 
ie 


[NK COMPANY 


NATIONAL T 


TULSA, OKLAHOMA 





PETROLEUM TRANSACTIONS 


DISPLACEMENT EXPERIMENTS in a CONSOLIDATED 
POROUS SYSTEM 


J. S. LEVINE 
MEMBER AIME 


ABSTRACT 


A series of four displacement experiments has been 
run in a large alundum core. Flow potential distribu- 
tion in each liquid phase was measured continuously 
through oil-wet and water-wet capillary harriers, using 
a null-point pressure balance, and saturated distribution 
was determined from electrical resistivity measurements. 
A method has been devised for calculating the effective 
(and relative) permeability to each phase at any time 
and at any point in the flow system for the transient 
displacement process. Relative permeability points have 
heen calculated and average curves drawn for oil dis- 
placing water and water displacing oil. The values 
dynamic capillary pressure have also been determined. 
Data have been substituted into the generalized Buckley- 
Leverett fractional flow equation and a comparison 
between actual and theoretical breakthrough recoveries 
is shown. 


of 


Exploration & Production R 


Houston, Tex 


This paper is publication No. 38, 
search Division, Shell Deve'opment Co., 
‘References given at end of paper 
Manuscript received in the Petroleum Branch office Aug. 
Paper presented at the Petroleum Branch Fall Meeting in 

Tex., Oct. 18-21, 1953. 

Discussion of thi: and all following technical papers is invited 
Discussion in writing (3 copies) may be sent to the offices of th« 
Journal of Petroleum Technology. Any discussion offered after Dec 
}1, 1954, should be in the form of a new paper 


» 1953 
Dallas 
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SHELL DEVELOPMENT CO. 
HOUSTON, TEXAS 


INTRODUCTION 


Displacement experiments have been performed in 
the laboratory for many years in an effort to determine 
the effect of a number of parameters on multiphase 
flow in porous materials. In the literature of petroleum 
technology, Wyckoff and Botset' were among the first 
to develop the relative permeability concept and to 
show experimentally that oil, gas, and water can flow 
simultaneously through a porous medium in a precise 
way governed by certain fluid properties, by the relative 
saturation of each fluid, and by characteristics of the 
medium itself. Somewhat later, Leverett’ and Hassler, 
Brunner, and Deahl” developed some theoretical con- 
cepts of capillary behavior in porous materials. 

The work of Buckley and Leverett’ presented a 
theoretical analysis of immiscible liquid displacement 
based on the equation of continuity and the Darcy 
equation for viscous flow of each fluid. Subsequent 
investigators attempting to verify the Buckley-Leverett 
equation have, in general, deliberately neglected the 
capillary pressure term or have performed experiments 
in such a manner that it could be neglected. 

Terwilliger, et al’ in 1951, obtained agreement be- 
tween theory and experiment for the constant rate 
displacement of water by gas in a long vertical sand 
column. Rapoport and Leas’ have investigated the 
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properties of linear waterfloods in the laboratory and 
have shown that the recovery is related to a “scali:.g 
factor” containing the product of length of the system, 
velocity of the fluid, and viscosity of the fluid. The 
recovery becomes stabilized at certain values of the 
“scaling factor.” They state that if the stabilized re- 
covery is the same as that obtained by displacement 
through a capillary barrier, then the results of such 
experiments are applicable to the field. 

Everett, Gooch, and Calhoun,’ in studying the effect 
on recovery of liquid-liquid viscosity ratios and liquid- 
liquid miscibility, found the viscosity ratio to be the 
more significant parameter and conc!uded that viscous 
forces are more important than capillary forces with 
respect to recovery 

Welge’ has shown a simplified method for computing 
recovery by gas or water drive based on the Buckley- 
Leverett equation. He postulates, however, that in the 
field the capillary pressure term may be neglected and, 
in the case of water flooding, the gravity term is 
normally negligible, too 

The effect of velocity on recovery has concerned 
Earlougher’ used radial flow 
through cores and found that as the fluid velocity 
increased the recovery increased. Rapoport and Leas’ 
found the same effect for linear systems. However, 
Morse and Yuster,” and Holmgren” found that recovery 
was not materially affected by either pressure gradients 
or velocities in the systems which they studied. 


several investigators 


Possibly no single parameter affecting the displace- 
ment mechanism has been studied more thoroughly 
than the relative permeability. Methods for measuring 
relative permeability have been developed by Has- 
sler,”""* Morse, Terwilliger, and Yuster® and others. 
The measurement of relative permeability and factors 
affecting the measurement have received thorough 
investigation” in the past few years. The early 
work of Leverett and most of the other references 


22 *¢ © JOURNAL OF PETROLEUM TECHNOLOGY °+ 


cited have shown relative permeability to be independent 
of viscosity 

Odeh and Yuster"” have recently presented data 
which indicate that the ratio of the oil permeability in 
a system containing water to the absolute permeability 
as measured with water may be greater than one and 
is a fraction of viscosity. Osoba, et al and Geffen, 
et al® have shown that the relative permeability curves 
indicate a hysteresis and are, therefore, not unique func- 
tions of saturation but depend on the direction in which 
the saturation changes are made. Thus, the relative 
permeability is a function of the distribution of fluids 
in the system as well as of the amount of fluid. 

The profusion of experimental work pertaining to 
fluid flow in porous media has revealed many details 
of the mechanism of multiphase flow. There did, how- 
ever, appear to be a few gaps to justify further experi- 
mental work. In particular, no one has attempted to 
measure pressure distribution in each flowing phase 
during a displacement process in order to determine 
values of dynamic relative permeability and capillary 
pressure and to evaluate the effect of the interfacial 
forces. The work presented in this paper was under- 
taken in order to develop experimental techniques for 
measuring some of these parameters and to obtain 
a better understanding of the mechanism of dis- 
placement 


APPARATUS AND EQUIPMENT 


All the experiments on which this paper ts based 
were performed on a cylindrical alundum core having 
a total length of 53.9 cm and a cross-sectional area 
of 18.65 sq cm. The core had an average air permeability 
(extrapolated to infinite mean pressure) of 145 milli- 
darcies and an average effective porosity of 25.1 per 
cent. A schematic diagram of the core and experi- 
mental set-up is shown in Fig. 1. 

Ten small grooves, about 1/16-in. deep and 1 /8-in 
wide were machined around the circumference of the 
core at fixed points and were filled with powdered 
NaCl. A close-fitting lucite jacket was then bonded to 
the core at a pressure of 600 psi and a temperature of 
200°C, after which holes were drilled into each salt 
groove. The salt was dissolved with water and these 
grooves then gave a continuous band around the core 

Before each experiment was started, the grooves were 
filled with mercury, which acted as electrodes, to give 
good surface contact with the pores of the core. The 
mercury was retained by means of platinum-tipped 
stainless steel screws which shouldered on thin gaskets 
and gave a good seal with the lucite. A detail of one 
of the mercury electrodes is shown in Fig. 2. 


During an experiment, current was passed between 
the two electrodes near each end of the core. By means 





DETAIL OF MERCURY ELECTRODE 
DETAIL OF PRESSURE TAP 


Fic. 2 (LEFT) 
Fic. 3 (RIGHT) 
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of a selector switch, the resistivity could be measured 
between any adjacent pair of electrodes with a 4-probe, 
60-cycle a.c. resistance bridge. A resistivity-saturation 
curve was obtained on a separate piece of the core 
by measuring the resistance while the core was de- 
saturated through a water-wet capillary membrane.’ 
Resistance measurements made during any displace- 
ment experiment could then be converted to equivalent 
liquid saturations by means of the calibration curve. 
The saturation distribution throughout the column 
could be determined at any time. 

Ihe electrodes were spaced alternately at distances 
of 38 mm and 70 mm and the measured resistances 
obviously represented the average resistances over the 
respective intervals so that the saturations obtained 
were also average saturations. The saturation distribu- 
tion was determined by drawing smooth curves through 
the points of average saturation plotted against the 
distance represented by the mid-point of the correspond- 
ing interval. 

Fig. 3 shows the details of the pressure taps used to 
measure pressure in both oil and water at four equally 
spaced positions along the core. Pressure in the oil 
was measured through four porous porcelain disks 
which had been treated with G.E. “Dri-Film” in order 
to render them oleophilic. Pressure in the water was 
measured on the opposite side of the core through four 
porcelain disks which were normally hydrophilic. The 
disks were | /2-in. in diameter and 1 /10-in. thick. They 
were ground with plane faces so that they would make 
good contact with the core which was also milled plane 
at those places where the disks fit. A layer of Kleenex 
or diatomaceous earth was placed between the disk 
and core to offer better capillary contact with the 
wetting-phase liquid. The O-ring seals insured that any 
oil or water flowing from the core and into the glass 
capillary tubing would flow through the oleophilic or 
hydrophilic disks respectively. 

During an experiment, the liquid interfaces were 
continually maintained at the reference marks on the 
l-mm diameter capillery tubes by means of regulated 
air pressure which could then be measured on external 
manometers. The air pressure necessary to keep the 
interface stationary is, therefore, equal to the pressure 
in the respective liquid at that position in the core. 
This method of measuring pressure was found to be 
very satisfactory. With experience, one could quickly 
adjust the pressure with volume changes of less than 
0.2 cu mm. The O-ring seals could easily be made 
leak-proof and any anomalies” in pressure measurement 
from this source are thought to be negligible. 

All experiments were carried out in a thermostated 
cabinet at a temperature of 33°C + 0.2°. The cabinet 
had plexiglas front panels through which control knobs 
were set to operate the pressure-tap stopcocks from 
the outside. A constant flow rate was maintained by 
means of Zenith Type “B” metering pumps. A special 
gearing arrangement and variable speed reducer allowed 
a wide range in pump output from 0.0005 to 0.20 
cc/sec. 
In order to reduce pump slippage to a minimum, 
only a high-viscosity oil (approximately 500 cp) was 
put through the pumps. This oil was then pumped 
into plexiglas reservoirs to displace the fluid to be 
flowed through the core. The reservoirs were in the 
cabinet to minimize volume changes due to temperature 
fluctuations. 
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DESCRIPTION OF FLUIDS USED 

The water used in these experiments was an aqueous 
solution of I-N NaCl to which had been added | 
per cent of formaldehyde to prevent bacteria forma- 
tion; the term “water” in this paper always means a 
I-N NaCl solution. A total of four runs will be reported. 
In three of the runs, the oil used was kerosene from 
which all the aromatics and unsaturates had been 
removed. In one run, the oil viscosity was increased by 
blending 25 per cent kerosene with 75 per cent mineral 
oil. Oil-water interfacial tension was about 39 dynes /cm 
determined by means of the pendent drop technique. 

GENERAL PROCEDURI 

Betore each run, the core was thoroughly cleaned 
and dried and the air permeability measured in each 
interval over which resistance measurements were to 
be made by using the unfilled grooves as piezometer 
rings. The sectional permeabilities were found to vary 
about 20 per cent from the mean value. 

The same general technique was followed in the 
four runs. First, the core was completely saturated under 
vacuum with the fluid to be displaced which was 
water in Runs 4, 5, and 7 and oil in Run 6. The 
porous disks which were to measure pressure in the 
displaced fluid were in place at the same time the 
core was saturated. The porous disks which were to 
measure pressure in the displacing fluid were saturated 
separately. They were put into place against the core 
after the core was saturated and before the displace- 
ment was started. The grooves were then filled with 
mercury. The core was mounted in the cabinet in a 
vertical position and the displacing fluid was forced into 
the top of the core and flowed vertically downward at 
a constant rate. The pressure tap stopcocks were opened 
and the liquid interfaces were continually kept at the 
reference marks (see Fig. 3). At frequent intervals 
(usually one-half hour), the manometer pressures, sec- 
tional resistivities, and volume of produced fluid were 
recorced. Readings were continued every half-hour to 
the time of breakthrough (24 to 48 hours) after whick: 
they were taken at less frequent intervals until no 
more of the displaced fluid was produced. Each dis- 
placement experiment lasted from 7 to 10 days. 


RESULTS 


RECOVERIES 


EXPERIMENTAL 


SUMMARY BREAKTHROUGH AND FINAI 


Table 1 summarizes some of the data of the four 
runs to be discussed in this report. Shown are the oil 
and water viscosities and densities, the total flow rates, 
and the saturation of displaced fluid at the time of 
breakthrough and at the end of production. It can 
be seen that for oil displacing water, a slightly higher 
breakthrough and total recovery are obtained for the 
higher flow rate (cf. Runs 4 and 5). At the same flow 
rate, the breakthrough and total recovery increases as 
the ratio of « displacing “« displaced increases (cf. 


OF 


TABLE 1 
Displaced 
Liquid Saturation 
Per Cent of 
Pore Volume 


Flow at at End 
Rate Break- of Pro 
cc ‘hour throutth duction 
6.31 44.0 348 
3.72 48.0 36.8 
6.21 39.2 29.6 
3.71 29.2 16.8 


Dis 
placing 
Liquid 
oil 
Oil 
Water 
Oil 

At33 °C 


am | cc* 
Water 


Viscosity —cp* Density — 
Oil Water 

1.64 ° 0.854 

1.66 

1.48 

19.30 
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Fic. 4 SATURATION DISTRIBUTION AT VARIOUS TIMES. 


Runs 5 and 7). These results are in general agreement 
with the reported work of other investigators. In Run 
6, where water displaced oil, the recoveries were higher 
than would have been anticipated from the low value 
of « displacing « displaced 

Various TIMEs 


SATURATION DISTRIBUTION Al 


The values of water saturation were determined from 
the resistivity data and the saturations at various times 
were plotted as a function of distance from the inlet 
end of the core. A series of curves were obtained as 
shown in Fig. 4 where the saturation distributions are 
given for the displacement of water by oil in Run 4. 
The displacement is characterized by high saturation 
gradients for the first 10 hours with the distribution 
curve keeping the same general shape. After the flood 
front passes the approximate midpoint of the core and 
the water saturation reaches about 70 per cent there 
is an abrupt change in the gradient. This same general 
behavior was found in all four runs and is probably 
the result of a smaller average pore size (as indicated 
by a lower permeability) in the region between 170 to 
300 mm. 


FLOW-POTENTIAL DISTRIBUTION 


IN THE DISPLACING PHASE 


In order to obtain the flow potential in each flowing 
phase, all pressure data were corrected to a datum 
plane corresponding to the bottom end of the core. 
The potentials were then plotted as a function of dis- 
tance to give a series of curves as shown in Fig. 5 for 
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the displacing (oil) phase of Run 4. It can be seen 


that the flow potential gradients in the displacing phase 
at a given distance decrease with time; the gradients 
are higher near the point of farthest penetration of the 


interface. 

In Fig. 5, the potential lines are drawn only as tar 
aS pressure readings were obtained at the four pressure 
taps. Thus, at 10 hours, pressure readings were obtained 
at located at 79 mm and 192 mm, while those at 
306 mm and 420 mm showed no pressure. At 12 
hours, only the tap at 420 mm gave no reading. At 16 
hours, pressure was obtained at all points of measure- 
ment. In Run 4, breakthrough occurred in about 22 
hours, so that the 24-hour flow potential curve of Fig. 5 
represents the distribution after breakthrough. It was 
found in all runs that the maximum flow potentials 
were reached in the displacing phase shortly after break- 
through and that they thereafter decreased to some 
lower equilibrium values. In every case, however, there 
was always a sharp potential drop near the end ot 
the core. 
FLOW-POTENTIAL DISTRIBUTION 


IN THE DISPLACED PHASE 


Fig. 6 shows the flow-potential distribution in the 
displaced (water) phase at various times for Run 4. 
In this case, the gradients increase with time at a 
given distance. Since the displaced phase is continuous 
throughout the core — at least until such a low satura- 
tion is reached that the liquid film may be broken 
pressure readings are obtained at all four taps for 
the duration of the experiment. Here the potential at 
the outflow face of the core must be zero and it can 
be seen that the curves approach Zero in the vicinity of 
539 mm. 

The flow potentials in the displaced phase also 
decreased after breakthrough was reached. This is a 
condition necessary to the ultimate cessation of flow 
of the displaced phase, at which time the potential 
must be the same at all points. Actually this condition 
was never reached in any of the experiments. Even 
when the producticn of displaced fluid essentially ceased, 
there were still apparent slight saturation changes in 
the core indicated by resistivity measurements) 
which were sufficient to require a_ relatively high 
potential gradient. 
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POTENTIAL IN WATER PHASE -MM 


FLOW 


OISTANCE FROM INLET EN MM 


FLOW PoTeENTIAL DISTRIBUTION IN WATER 


PHASE AT VARIOUS TIMES 


The greatest experimental difficulty in this work 
was encountered in determining the pressure in the 
displaced phase because of the problem of maintaining 
capillary contact at low liquid saturation. The present 
technique for measuring pressure — while essentially 
a zero volume displacement method — does require a 
small fluid movement across the barrier. When the 
saturation of displaced fluid in the core is low, even 
a slight fluid movement trom the must take 
place through relatively fine liquid filaments so that 
the position of the interface in the capillary manometers 
changes very slowly for any pressure unbalance. In 
those few instances where capillary contact was ap- 
parently lost between the porous disk and the core, 
it was found impractical to reestablish contact by forcing 
small volumes of fluid back into the core at that point 


core 


CAPILLARY PRESSURE MEASUREMENTS 


In the same sense that all the pressure measurements 
essentially represent instantaneous values for a iran- 
sient process, then the difference in pressure between 
displacing and displaced phase at any of the four 
points of measurement can be considered to represent 
a dynamic capillary pressure. Fig. 7 shows this capillary 
pressure as a function of distance at various times. After 
breakthrough, the capillary pressure distribution is char- 
acterized by two regions having a low gradient sep- 
arated by a region having a high gradient. This latter 
region corresponds to the one showing the negative 
saturation gradients in Fig. 4. With the distance along 
the core always measured as positive downward and 
the capillary pressure always the difference in pressure 
between displacing and displaced phase, then the capil- 
lary pressure gradient was always found to be a nega- 
tive value regardless of whether oil or water was the 
displacing medium. 


DyNaAMk 


Fig. 8 shows the dynamic capillary pressure plotted 
as a function of displaced phase saturation. The values 
can be obtained by combining Figs. 4 and 7. If the 
core were completely homogeneous and capillary pres- 
sure were uniquely a function of saturation, then the 
data should define a single curve in Fig. 8. As can be 
seen, three separate capillary pressure curves are ac- 
tually obtained. This behavior repeated itself in all runs 
and is apparently the result of inhomogeneity of the 
core. 
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3x 


END-MM 
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DISTANCE FROM INLET 


P. 


VARIATION OF CAPILLARY PRESSURI 


DISTRIBUTION WITH TIME. 


CALCULATION OF DYNAMIC RELATIVE 


PERMEABILITY 


Figs. 4+ to 8 have shown a portion of the data 
obtained during one experiment in which oil displaced 
water. A large amount of similar data was also obtained 
for three other runs which were varied indicated 
in Table 1. One of the objectives of this investigation 
was to arrive at a method for calculating the dynamic 
relative permeability values for each phase during a 
transient displacement process. 


as 


The calculation of dynamic permeability at a par- 
ticular time and at a given point in the system can 
be accomplished if one knows the instantaneous flow 
rate and flow potential gradient. According to the 
well-known Darcy equations: 


Hide 


tari) 


0Z 


kK .(t, Z) 


bw 
CO 


“ 


A 
CZ 


Where 4, and k, effective permeability to oil and 
water respectively in darcies 
Viscosity in centipoises 
cross-sectional area in cm 
flow rate in cm 
time in seconds 
flow potential in atmospheres 
- distance in direction of flow in cm 
subscripts , and , refer to oil and water 
respectively. 


second 


For the displacement of water by oil then, from the 
curves of Figs. 5 and 6, the values of ¢¢,/¢Z and 
°0,/0Z at a particular time and distance can be deter- 
mined by graphical differentiation. The value of g,, at 
the same time and distance can be obtained from the 
equation 


* JOURNAL OF PETROLEUM TECHNOLOGY 





OF MERCURY 


MM 


PHASE 


N WATER 


A 
‘ 


PRESSURE 


4s e ec 6 65 7« ) 


WATER SATURATION — PERCENT OF PORE VOLUME 


Fic. ! VARIATION OF CAPILLARY PRESSURE WITH SATURATION AT FOUR POSITIONS ALONG THE CORE. 


where q constant flow rate of oil into input end 
of core 

fractional oil saturation in core 

constant (cross-sectional area fractional 


porosity ) 


From Fig. 4, a series of curves of oil saturation 
as a function of time for various fixed distances can 
be obtained. From the derivative of each curve at 
different times, another series of curves of 7S, /¢et as a 
function of distance can be plotted. The integral term 
in Equation (3) can then be evaluated by integrating 
the area under each curve to the desired distance. Thus, 
sufficient data are available to substitute into Equation 
(1) to calculate the oil permeability at a given satura- 
tion. Inasmuch as the oil and water can be considered 
incompressible, and the pore volume is completely 
filled with liquid, the rate at which oil accumulates in 
any part of the core is equal to the rate at which water 
is removed from the same part. Thus, the instantaneous 
water flow rate at any time and distance is numerically 
equal to the value of the constant times the integral 
term in Equation (3), and k,(t, Z) can be calculated 
trom Equation (2). If the k, and k, values are divided 
by the absolute permeability of the core, two points 
of relative permeability as a function of saturation are 
then obtained. The entire procedure can then be re- 
peated at any other time and distance. 


Fig. 9 shows the points obtained using the above 


procedure on the data of Runs 4, 5, and in all of 
which water was displaced by oil. It is apparent at once 
that there is considerable spread of the calculated 
points about some average value as indicated by the 


26 * © JOURNAL OF PETROLEUM TECHNOLOGY « 


MARCH, 1954 


curves. If sufficient points are calculated, it seems rea- 
sonable to assume that average curves representing the 
true dynamic relative permeability can be obtained. 

~ It is signifiicant to note that in Fig. 9 the values for 
relative permeability to oil for Run 7 are approximately 
the same as for Runs 4 and 5 even though the oil / water 
viscosity ratio was almost 12 times as great. This 
indicates that in this range, at least, the relative 
permeability is independent ot viscosity. 

The procedure outlined above was also repeated with 
the data of Run 6 in which water displaced oil from 
the core. The points fell closer to an average curve 
than did those of Fig. 9. In Fig. 10 are shown the 
average curves for the displacement of water by oil 
in Runs 4, 5, and and the average curves for the 
displacement of oil by water in Run 6. They are plotted 
as a function of water saturation. A comparison of the 
curves will show the apparent effects of wettability 
on the flow characteristics. If the assumption is made 
that the porous material has an equal affinity for both 
oil and water, then the dotted oil curve should be a 
mirror image of the solid water curve and the solid 
oil curves should be a mirror image of the dotted 
water curve about the 50 per cent saturation line. 

In other words, if all relative permeability values 
were plotted as a function of displaced phase saturation, 
only two curves should result if the assumption of equal 
affinity were correct. This is obviously not the case. The 
relative water permeability for a system in which water 
displaces oil is less than the relative oil permeability 
for a system in which oil displaces water for the same 
saturation of displaced fluid. From this, one may infer 
that in the porous solid used in these studies the solid 
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surface showed a greater affinity for water, so that, in 
general, water flowed in smaller pores than did oil at 
any given saturation. If, on the other hand, wettability 
is assumed to be indicated by the sign of the capillary 
pressure term, then the displacing fluid is always the 
apparent nonwetting fluid since the pressure in the dis- 
placing phase was always found to be greater than in 
the displaced phase. 

Another fact that becomes apparent trom Fig 
that the displacing phase relative permeability goes to 
zero only at zero saturation of displacing phase in these 
dynamic displacement processes. In this respect, the 
relative permeability curves obtained by the method 
described differ from the usual equilibrium relative 
permeability curves in which the displacing fluid re 
tive permeability becomes zero at saturations of that 
fluid greater than zero. Thus, the dotted oil- curve and 
the solid water curve of Fig. 10 would more 
approximate values obtained by an equilibrium process 
It becomes apparent then that to make reservoir cal 
culations based on relative permeability data for, say, 
a water flooding process, relative permeability curves 
obtained by dynamic displacement oil by water 
should be used. 
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Leverett’ have been applied. By using the generalized 
Darcy equations for each fluid, Equations (1) and (2), 
they have developed an equation which relates the 
fraction of one fluid in the flow stream to the viscous 
and capillary existing in the system. In our 
notation, this equation Is: 
k.Al[ gy 
; Ou b 
Kou 
km, 
Vhere / fraction of displacing fluid in flow stream 
.) saturation of displacing fluid 
A effective permeability in darcies 
O total flow rate in cm 
pressure in displacing phase minus pres 
sure in displaced phase in atmosphere 
acceleration of gravity in cm) second 
density of displaced phase minus density 
of displacing phase in gm cm 
distance in direction of flow in cm 
atmosphere 
always refer to displacing 


forces 


P 


a aZ 


:+ 


second 


1.013 (10°) dynes cm 
subscripts | and 2 


and displaced phase respectively. 


\ method has already been indicated tor calculating 
relative permeability as a function of saturation. Inas- 
much 


hk eine 


as 
(5) 
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k, = kyk a . (6) 
where k, relative permeability 
k = absolute permeability in darcies, 


the effective permeability can be obtained for each fluid 
at any saturation. All that remains for a determination 
of F,(S,) from Equation (4) is an evaluation of the 


capillary pressure gradient °P./¢Z. This can be deter- 
mined from Fig. 7 by graphical differentiation at the 
desired distance and time. Thus, the fraction of dis- 
placing fluid in the flow stream can be calculated at 
all points of distance an‘ time. This fraction has been 
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calculated trom the experimental data for the dis- 
placement of water by oil (Run 4) and the displace- 
ment of oil by water (Run 6) and is shown in Figs. 
11 and 12, respectively, as a function of displacing phase 
saturation. 

Also shown in each figure is the traction calculated 
trom Equation (4) with the capillary pressure and 
gravity term assumed equal to zero. It can be seen 
that the net effect of including the bracketed term is 
always to increase the F, value at any saturation. This 
means that the capillary pressure gradient always acts 
to decrease the recovery of displaced fluid. The effect 
is less pronounced in Run 4 than in Run 6. 

Breakthrough recovery can be calculated from the 
theory by making use of what migh* be called the 
Buckley-Leverett construction (which has been ex- 
plained in detail by Pirson).* Fig. 13 shows the 
eF,,/eS, versus S, curve for Run 4. Tre horizontal line 
is drawn so that the area under it up to the intersection 
with the curve on the right is equal to the area under 
the curve up to that point. The vertical line is then 
drawn so that the area in the rectangle is equal to the 
total area under the curve. The average residual satura- 
tion of displaced fluid at the time of breakthrough is 
then equal to the difference between 100 and the dis- 
placing phase saturation indicated by the vertical line. 
For Run 4, the residual saturation at breakthrough is 
calculated to be 43.2 per cent. This compares with 44.0 
per cent determined experimentally. 

Fig. 14 shows the same construction for Run 6. In 
this case the oil saturation at water breakthrough was 
calculated to be 36.0 per cent which compares with 
an experimental value of 39.2 per cent. If the F, curve 
which neglected capillary pressure and gravity had been 
used, the discrepancy would have been about six pore 
volume per cent greater. Table 2 shows a comparison 


TABLE 2— COMPARISON OF EXPERIMENTAL AND CALCULATED 
DISPLACED LIQUID SATURATION AT BREAKTHROUGH. 


Displaced Liquid Saturation at 
Breakthrough — Per Cent of Pore Volume 
Calculated from 


Experimental Data Using Eq. 4 
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between the experimental and calculated displaced 
liquid saturations at breakthrough. 

In the preceding calculation of F, for Runs 4 and 6, 
the value of [k:A/Q.m,] [(4P./¢eZ) (gip b)] was 
determined at various saturations for different positions 
of distance and time. Fig. 15 shows a plot of this term 
versus the displacing fluid saturation. It can be seen that 
the value for the entire term approaches a maximum 
at zero saturation and approaches zero at about 70 per 
cent saturation of displacing liquid. The function, how- 
ever, is different depending on the type of displacement 

Fig. 16 shows the values of @P../¢Z at various satura- 
tions which were calculated from the curves of Fig. 15. 
It should be remembered that P. is defined as the differ- 
ence in pressure between displacing and dispiaced 
phases so that in Run 4, P, = P,—P,,, and in Run 6, 
P P, —P.. It is readily apparent that even at the 
same flow rate, the capillary pressure gradient versus 
saturation curve for the displacement of water by oil 
is not the same as for the displacement of oil by 
water. Furthermore, where the flow differ for 
the same type of displacement, i.e., water by oil, it can 
be seen that ¢P../eZ is a function of rate. The gradient 
curves converge at high displacing phase saturation so 
that the gradient is more sensitive near the flood front 
to a change in rate than in the region which has been 
more completely flooded. 

The manner in which ¢P../¢eZ varies as a function of 
Q, will determine whether, in the laboratory at least. 
the recovery of displaced fluid will change as the total 
flow rate changes. Specifically, if the value of ([AP. /°Z) 
+ gAp] is directly proportional to Q, then the break- 
through recovery should be independent of rate. Thus it 
becomes necessary to know how the capillary pressure 
gradient varies with flow rate in order to predict whether 
changing the rate will change the recovery 


rates 


SUMMARY AND CONCLUSIONS 


1. A series of four linear displacement experiments 
have been performed on an alundum core. Techniques 
were employed which allowed continuous measurements 
at various positions along the core of the saturation 


Trans. AIME MARCH, 1954 


ap] IN DIMENSIONLESS 


ar 
&$___4{ —— ¢ 
2La2z 


A 
2) 


kk, 


a 20 : x i 4 


SATURATION OF DISPLACING LIQUID — PERCENT OF PORE VOLUME 


THE CAPILLARITY AND GRAVITY 
AND TYPE OF DISPLACEMENT. 


Fic. 15 VARIATION OF 
TERMS WITH FLOW RATE 


distribution and pressure distribution in each flowing 
phase. 

2. A method was developed for calculating the 
dynamic relative permeability as a function of satura- 
tion. The resulting curves for the displacement of 
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water by oil and oil by water showed that relative 
permeability was not a unique function of saturation 


but depended on the direction of saturation change. It 


was shown that relative permeability was also not a 
unique function of displaced phase saturation. This is 
possibly the result of a difference in wettability of the 
porous system 

3. The displacing phase relative permeability goes 
to zero only at zero saturation of that phase in these 
dynamic displacement processes. 

4. In the range studied, relative permeability appeared 
to be independent of viscosity. 

5. The Buckley-Leverett fractional flow equation gives 
reasonable agreement beiween calculated and experi- 
mental breakthrough recoveries if the capillary pressure 
and gravity terms are retained. If capillary pressure ts 
defined as the difference in pressure between displacing 
and displaced phases, then the experimental values of 
°P./éZ were always negative. Thus, the net effect of 
including the capillarity term is to increase the value ot 
the calculated fraction of displacing fluid in the flow 
Stream at any saturation and to decrease the recovery 
of displaced fluid. 

6. The capillary pressure gradient was calculated as 
a function of displacing phase saturation for the two 
types of displacement, and two different gradient curves 
were obtained for the same total flow rate. When the 
same type of displacement was involved, i.e., the dis- 
placement of oil by water, ¢P./?Z was found to be a 
function of total flow rate 
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EQUILIBRIUM VAPORIZATION RATIOS for a RESERVOIR 


FLUID CONTAINING A 


HIGH CONCENTRATION of 


HYDROGEN SULFIDE 


HAROLD VAGTBORG, JR. 
MEMBER AIME 


ABSTRACT 


Equilibrium vaporization ratios were obtained for 
light hydrocarbons, nitrogen, carbon dioxide, and hydro- 
gen sulfide in a reservoir fluid containing 35 mole per 
cent hydrogen sulfide. The data cover the range from 
700 to 2500 psia at 154°F. 

The results of this study are compared with results 
obtained by other investigators on systems containing 
less hydrogen sulfide. When large amounts of hydrogen 
sulfide are present, the equilibrium vaporization ratios 
for ethane and heavier hydrocarbons are greater than 
the ratios for systems containing little or no hydrogen 
sulfide. Large amounts of hydrogen sulfide have the 
reverse effect on the ratios for methane. 

Routine PVT studies were performed on the reservou 
fluid including flash and differential liberations of the 
dissolved gas. The pressure-volume relationships of the 
saturated fluid were also determined. 

It is shown that the use of published correlations on 
physical properties of reservoir fluids can lead to gross 
errors when applied to systems containing large amounts 
of hydrogen sulfide. 


INTRODUCTION 


Equilibrium vaporization ratios for various com- 
ponents in naturally occurring crude oil and condensate 
systems have been reported in the literature. 
Recently, several papers have been published with em- 
phasis on non-hydrocarbon components such as _nitro- 
 Tialameneee given at end of per er. 
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gen, carbon dioxide and hydrogen sulfide.’"’*’ The 
increased discovery of reservoir fluids having high con- 
centrations of these non-hydrocarbon components, par- 
ticularly hydrogen sulfide, has created a need for a 
further study of their phase behavior. 


Equilibrium vaporization ratios are Known to vary 
with pressure, temperature, and overall composition of 
the system.” It was anticipated that ratios for systems 
containing large amounts of hydrogen sulfide would 
differ from the ratios for systems containing small 
amounts of hydrogen sulfide. Therefore, the present work 
was undertaken in order to obtain reliable equilibrium 
vaporization ratios for the reservoir-fluid in question 


PROCEDURI 


The procedure tollowed was evolved after consider- 
able experimentation on methods of handling the very 
sour crude. It was found that drying agents (e.g. CaCl 
and CaSO,) absorbed an appreciable amount of hydro- 
gen sulfide from the gas used to prepare the recombined 
samples. The concentration of hydrogen sulfide dropped 
as much as 10 mole per cent in a single pass through 
a 3-ft drying tube. 

It was also found that when undried gas was agitated 
with mercury in the PVT cell, a black scum, believed to 
be mercuric sulfide, was formed and the hydrogen sul- 
fide content of the gas dropped several mole per cent. 
Because composition changes during a run could not be 
tolerated, separation of the mercury and sour fluid was 
necessary. In order to effect this separation, a stainless 
steel piston, equipped with Teflon O-rings, was placed in 
the PVT cell between the mercury and the sour fluid 
[his piston had to be constructed in three parts because 
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a 
8 NF BOLT 
THREADED INTO PART “A 


Fic. 1 STAINLESS STEEL PIsTON FOR Use WITH 
Sour Crupes IN Ruska PVT CELL (ASSEMBLED). 


the Teflon O-rings would not stretch enough to pass 
over the piston to seat in the O-ring grooves. The top 
of the piston was designed to conform with the top of 
the PVT cell, so that the liquids in the cell could 
be completely displaced. Fig. 1 shows the assembled 
piston. 


The reservoir fluid used in this study was made by 
recombination of high pressure separator gas and 
liquid samples. These samples were recombined in the 
PVT cell according to the producing gas-oil ratio and 
were then agitated to equilibrium at the reservoir pres- 
sure of 2500 psia and reservoir temperature of 154°F. 


1200 1600 2000 
PRESSURE PSIA 


Fic. 2 SOLUTION GaAS-OIL RATIO VERSUS PRESSURE, 
BASED ON Resipuat Olt at 60°F AND 14.7 PSIA. 


TABLE 1— GAS-OIL RATIOS AND VOLUME FACTORS OF 
RESERVOIR FLUID 


Gas-Oil Ratio 

in Solution 
Pressure Std. cu ft/ bb! 
psia residual oil 
2745 1.884 
2600 1.889 
2545 1.891 
2500 1772.0 1.894 
2043 1478.3 1.762 
1554 1197.0 1 
1 
1 


* 


:) 
Volume Factor ( Vv 


530 
447 
Gravity of Residual Oil 34.0 API 
"Vs volume of saturated oi! at the saturation pressure 
Vr volume of residual oi! at 60°F and 14.7 psia. 


Wi 949.0 
726 730.3 
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Any excess gas was displaced, leaving a sample with 
a bubble point of 2500 psia and 154°F. 


Routine PVT data were obtained on this sample, 
including flash and differential gas liberations. The differ- 
ential liberation consisted of a series of flash liberations 
at progressively lower pressures. Because of the large 
volume of gas required to make an accurate LTD analy- 
Sis, it Was necessary to take pressure decrements of 
approximately 500 psia. For this reason, it was possible 
to make only five successive flash liberations on the 
sample; of course, use of smaller pressure decrements 
would have approximated the true differential liberation 


more closely 


The procedure followed in performing the differential 
gas liberation was as follows: the pressure on a sample 
of saturated reservoir fluid, at reservoir temperature, 
was lowered below the bubble point pressure by with- 
drawing mercury from the bottom of the PVT cell 
A gas phase was formed which was brought to equili- 
brium with the liquid phase by prolonged agitation. 
After equilibrium was attained, the gas phase was 
displaced from the cell at constant pressure; the pres- 
sure was maintained by injecting a volume of mercury 
equal to the volume of the gas displaced. When the 
cell was again liquid full, additional mercury was with- 
drawn; thus, a new gas phase was formed which was 
then agitated until it was at equilibrium with the co- 
existing liquid phase. This gas was then displaced at 
constant pressure 


This sequence was repeated until the cell contained 
a saturated liquid with a bubble point pressure of 
approximately 700 psia. The volume of the PVT cell, 
containing the stainless steel piston, was not large 
enough to allow expansion of the system to atmospheric 
pressure. Therefore, mercury was withdrawn from the 
bottom of the cell at this point, to form a gas phase 


1200 1600 * 2400 
PRESSURE PSIA 


Fic. 3 VOLUME FACTOR VERSUS PRESSURE, BASED ON 
RESIDUAL O1n AT 60°F AND 14.7 PsIA. 


TABLE 2 — FLASH LIBERATION OF SATURATED RESERVOIR FLUID 


Saturation pressure of fluid (psia 2500 

Separator gauge pressure 0 
= 1938 

bbl residual oil 

Stock tank API gravity at 60°F 32.6 

Molecular wt, stock tank o 201 

Shrinkage factor, V: V.* 0.5168 

Formation volume factor, Vs V 1.935 


Solution gas-oil ratio, 


Specific gravity of flashed gas 1.031 
*Vs volume of saturated oil at the saturation pressure 
Ve volume of stock tank oi! at 60°F and 14.7 psia 
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in the cell, and gas was released through the valve 
at the top of the cell until atmospheric pressure was 
reached. The residual oil was analyzed and its volume 
was determined. 

From the volume of gas bled off at each pressure 
and the volume of residual oil, corrected to 60°F, the 
gas-oil ratios and volume factors were determined. The 
gas sample bled off at each liberation pressure was 
subjected to LTD analysis. The volume of each sample 
was determined by passing the gas into a 5-gal. carboy 
filled with saturated brine. A volume of brine equal 
to the gas volume entering the carboy was displaced 
and weighed. 

Equilibrium vaporization ratios were calculated by 
mathematical recombination in the following manner: 
the volume and composition of the gas liberated at 
each pressure during the differential liberation were 
used to determine the number of moles of each com- 
ponent in each liberated gas volume. The composition, 
weight and molecular weight of the residual liquid re- 
maining at the end of the gas liberation were also 
determined. From these data the number of moles of 
each component in the gas liberated in the pressure 
drop from 726 psia to atmospheric (the final pressure 
drop in the gas liberation process) was then added 
to the number of moles of the corresponding component 
in the liquid phase (residual oil). The summation gave 
the composition of the saturated liquid at 726 psia. 

The composition of the equilibrium gas liberated 
at 726 psia was known, so a set of equilibrium vaporiza- 
tion ratios (at 726 psia) was calculated. The number 
of moles of each component in the gas liberated between 
1111 and 726 psia was then added to the number of 
moles of that component in the saturated liquid at 726 
psia. This gave the composition of the saturated liquid 
at 1111 psia. The composition of the equilibrium gas 
liberated at this pressure was known also, so a set of 
equilibrium vaporization ratios was calculated for 1111 
psia. This process was followed until all of the gas 
was recombined with the residual oil. 


DISCUSSION OF RESULTS 

The results of the PVT study of the fluid under 
consideration are presented in Tables |, 2, and 3 and 
Figs. 2, 3, and 4. 


Table 1 and Fig. 2 present the gas-oil ratio data 
obtained for a differential liberation at 154°F. The 
gas solubility curve is similar to the curves usually 
obtained for ordinary crude oil systems. Only five 
points are presented because of the large pressure drops 
required to provide enough gas for accurate LTD 
analysis. The volume factors obtained from the dif- 
ferential liberation are presented in Fig. 3. 

Table 2 presents the results of a flash liberation of 
the reservoir fluid to atmospheric pressure. No abnormal 
behavior was noted in this case. 

Attempts were made to apply the bubble point - 
gas-oil ratio correlations of Standing” and Katz” to 
the present experimental data. Values of bubble point 
derived from these correlations were found to be over 
100 per cent in error. Perhaps this is to be expected, 
since the correlations were not developed for this 
type of system. 

The pressure-volume relations for the system are 
presented in Fig. 4 and Table 3. 
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RELATIVE VOLUME 





i ae! ws Se em ae Me es 
2000 3000 4000 5000 
PRESSURE: PSIA 


RELATIVE VOLUME OF RESERVOIR FLUID 
VERSUS PRESSURE AT 154°F. 


TABLE 3 — PRESSURE-VOLUME RELATIONS FOR RESERVOIR FLUID 
AT 154°F 


Relative Volume 
Pressure Vp* 
PSIA Vs 


0.9594 
0.9667 
0.9750 
0.9826 
0.9915 
0.9998 
1.0000 
1.020 
1.063 
1.124 
1.215 
1520 1.360 
1245 1.635 
890 2.368 
648 3.470 
518 4.548 


Combined volume of oil and gas at given pressure. 
Volume of saturated fluid at saturation pressure. 


5000 
4500 
4000 
3500 
3000 
2592 
2500 
2388 
2180 
1970 
1750 


The results of the LTD analysis of the gas samples 
taken during the gas liberation are given in Table 4 
and Figs. Sa and Sb. The last two columns in Table 4 
represent the composition of the total gas evolved in 
dropping the pressure from the given pressure down 
to atmospheric. Therefore, this gas was not in equili- 
brium with the residual oil at atmospheric pressure 
and K values could not be calculated for atmospheric 
pressure. 

It will be noted that more points are presented on 
the methane, ethane, carbon dioxide, propane, and 
hydrogen sulfide curves than appear on those for the 
butanes and heavier components. Two separate pressure- 
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7; 
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000 $00, 

PRESSURE PSIA 
COMPOSITION OF LIBERATED GAS 
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TABLE 4— COMPOSITION OF LIBERATED GAS* 


RUN NO. 1 
PRESSURE PSIA 


Component 1702 


705 - ATM 


RUN NO. 2 
PRESSURE PSIA 


W111 726 - ATM 


0.83 
26.11 
0.901 


“Experimental data. See Table 5 for smoothed data used in calculating equilibrium vaporization ratios 


composition determinations were made, the first of 
which showed scattered results for the heavier com- 
ponents because of the small concentrations present. 
A second determination was made on a considerably 
larger initial charge and these data were believed to 
be more accurate. The first determination verified the 
data of the second for the lighter components and for 
hydrogen sulfide, so both sets of points are presented in 
Figs. 5a and 5b for methane, ethane, carbon dioxide, 
propane and hydrogen sulfide. These data were smoothed 
in order to calculate the equilibrium vaporization ratios. 
The smoothed data are presented in Table 5. The 
second column in Table 5 represents the experimentally 
determined liquid composition at atmospheric pressure. 
All other liquid compositions in the table were cal- 
culated as described above. These calculated liquid 
compositions are plotted in Figs. 6a and 6b as a 
function of pressure. 


The smoothed data were used to calculate equili- 
brium vaporization ratios K following the procedure 
outlined above. The calculated values are presented in 
Table 6 and Fig. 7. The solid lines drawn between 
10 and 100 psia in Fig. 7 represent the ideal K’s for 
each component, based on fugacities. The data obtained 
here should approach these lines at low pressures. 
Therefore, the ideal K’s were used as an aid in drawing 
the K curves for each component. 

The K values for butanes and pentanes are quite 
scattered. This is undoubtedly a result of the fact 
that the concentrations: of these components were of 
the same order of magnitude as the experimental ac- 
curacy. This was also the case for nitrogen; the 
nitrogen data are not presented in Fig. 7 because of 
their questionable accuracy. 


The position of the K curves for butanes and pentanes 
was difficult to determine. The curves shown were 
based on the ideal K’s at atmospheric pressure and the 
trends indicated by the other components of the system, 
as well as the experimental data. 


An analysis of the procedures indicates several pos- 
sible sources of error which should be considered. One 
of these is in the determination of the evolved gas 
volumes. Repeated experimentst have shown that gas 
volumes can be reproduced within 20 cc by means ot 
the brine displacement method. Since the gas volumes 
involved in this study were of the order of 3000 cc, 
the maximum error here should be somewhat under 
1 per cent. 

A second possible source of error is in the determina- 
tion of the volume of residual oil following the differ- 
ential gas liberation. This error was kept at a minimum 
by calibrating the PVT cell for liquid hang up previous 
to the study. The actual residual oil volume was deter- 
mined by weighing the displaced liquid and then weigh- 
ing a small sample in a pycnometer to determine its 
density. The total weight and density of the residual 
were used to determine the volume of residual oil. 
This volume was then corrected to 60°F. 

A third source of error to be considered is the 
entrainment of liquid in the gas phase. Slow displace- 
ment from the PVT cell kept this at a minimum. 
At the end of the liberation no oil was noted on the 
water surface in the brine bottle. To prevent gas from 
dissolving to any large extent in the brine, the sample 
was transferred to the LTD apparatus immediately 
after the volume was determined. The results of the 
LTD analysis are believed to be accurate within one 
mole per cent. 
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TABLE 5 — VAPOR-LIQUID COMPOSITION DURING LIBERATION OF DISSOLVED GAS FROM RESERVOIR FLUID, MOLE PER CENT 
PRESSURE PSIA 
Atmospheric 726 Wi 1554 2043 2500 


Component Liquid Vapor Liquid Vapor Liquid Vapor iqui ] Liquid Liquid 
37.58 , 45.86 y ' 21.723 
10.15 
2.06 
1.71 

2.541 0.88 

40.677 0.44 

36.761 43.28 

0.818 2.27 

0.383 1.63 

Atmospheric liquid compositions determined experimentally 

Vapor compositions are smoothed data from Fig. 5a and 5b 

Bubble point liquid (2500 psia) composition determined by extrapolation 


COON YN~9O 
S838 38888 


Considering these sources of error, it is believed carbons. Here, too, the addition of hydrogen sulfide 
that the data meet engineering requirements. raised the equilibrium vaporization ratios of the ethane 


m , ‘ , . an -avier Components. 
Fig. 8 gives a comparison of the results obtained and heavier component 


here with the results of Jacoby and Rzasa. Jacoby and DEAL K VALUES 
Rzasa worked with samples of crude oil containing five SS 
mole per cent hydrogen sulfide which they subjected 
to flash liberation. Their data, Fig. 5, were obtained 
at a temperature of approximately 150° F, compared with 
154°F used in the present study. Since only one tem- 
perature was examined here, it was not fossible to 
correct for the temperature difference of four to five 
degrees between the two studies. It is believed, however, 
that this difference should not affect the comparison 
appreciably. From the data given it appears that the 
higher concentration of hydrogen sulfide in the mixture 
studied here, raised the K values of the ethane and 
hydrogen sulfide and lowered those of methane. This 
effect may be partly the result of the high concentra- 
tion of relatively volatile components in the mixture 
(ethane hydrogen sulfide, propane). 
Fig. 9 shows a comparison of the results of this 
study with those of Katz and Hachmuth’ for hydro- 


TABLE 6 — EQUILIBRIUM VAPORIZATION RATIOS FOR RESERVOIR 
FLUID AT 145 F 
PRESSURE (PSIA 
Component W11 1554 2043 


C1 3.790 3.101 2.612 
C2 1.734 1.489 1.133 

C3 0.745 0.606 0.581 ot | | 
Ca 0.504 0.404 0.370 "10 100 
Cs 0.322 0.327 0.551 

Ce 0.014 0.021 0.032 

H2S 0.918 0.780 0.712 F EQUILIBRIUM VAPORIZATION RATIOS VERSUS 


COz ; 2.291 1.941 1.696 ems 
No 3.732 3.196 2.936 PRESSURE AT 154°F. 


PRESSURE PSIA 
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Fic. 9 K VALUES FOR RESERVOIR 
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154°F. 


COMPARISON OF 


HYDROCARBONS AT 
Reamer, Sage and Lacey’s K values for the methane- 


hydrogen sulfide system* at 160°F fall between those 
of the present study and those of Jacoby and Rzasa. 


CONCLUSION 


Equilibrium vaporization ratios were obtained for a 
system containing 35 mole per cent hydrogen sulfide. 
The high concentration of hydrogen sulfide has a 
pronounced effect on the equilibrium vaporization ratios 
of the other components. It is recommended that in 
reservoir studies involving fluids of this nature experi- 
mental results be used exclusively. In the event these 
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are not available, should be exercised in 


choosing K values. 


great care 
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THE CORROSION-METALLURGICAL ASPECTS of SUCKER RODS 
and their OIL WELL SERVICE PERFORMANCE 
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R. L. McGLASSON 


ABSTRACT 


The 
damages to sucker rods are examined from a funda 
mental electrochemical viewpoint, and the relationships 
of sucker rod microstructures to these damaging effects 
are defined. The common corrosive agents in crude oil 
production and storage are discussed as to types o} 
attacks that they cause. The variations of fatigue strength 
with alloy content, surface preparation, and stress ranges 
are analyzed. Finally, conclusions are drawn as to how 
largely influence control 


mechanisms of corrosion and corrosion fatigue 


microstructures and sucker 


rod performance. . 


INTRODUCTION 


Greater than 90 per cent of the crude oil produced 
by artificial lift methods is produced through sucker 
rod pumping systems. In the USA each year more 
than $14 million is spent for sucker in new and 
old pumping installations. It is important to make this 
investment a wise one. 

Essentially, the sucker rod system is 
steel rods, operating under alternating stress loadings 
and under mechanical vibrations, which connect the 
surface power source with the subsurface pump. These 
rods often operate in a variety media, 
including water, brines, cardon dioxide. hydrogen sul- 
fide, and air. 


ods 


a long Series ot 


ol corrosive 
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Basically, this paper is concerned with the problem 
of the behavior of certain steels in various corrosive 
media under high and dynamic stress patterns. The 
main objective of this paper is to show how, once the 
stress effects and the corrosive environments are de 
fined, one can still realize structural control and bene 
ficial influence upon corrosion and corrosion fatigue 


FUNDAMENTAL DEFINITIONS AND ANALYSIS 


of this solid 


called 


In the corrosion and stress behavior 
state mixtuse of iron and iron 
one must analyze upon what major factors dogs its 
service life depend and of what, exactly, steel 
composed. The former question can be referred to two 
external factors and two internal factors. The two 
major external factors are: 


steel 


carbide 


IS 


1. the nature of the stress patterns ize and range 


of stresses present 


the 


and/or 


erosion environ. 


involved 


2. the nature of 
ment the corrodent 


corrosion 
wear 

The two fundamental internal factors that govern the 
strength and useful life of a steel both in normal duty 
and in heavy-duty corrosion service are: 


|. the nature of the steel volume properties 


+ 


2. the nature of the steel surface properties 

For the latter question normal steel is defined as a 
solid mixture of iron and iron carbide particles, gen- 
erally with certain accidental and intentional elements 
present. (The amount of iron carbide present is deter 
mined by the carbon content of the steel.) These addi- 
tional elements generally dissolve into either the iron 
(ferrite) or the iron carbide (cementite) components 
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ELECTROCHEMICAL Basis OF NORMAI 


RUSTING OF STEEL. 


THE 


By changing the size, shape, distribution, number, 
and composition of the iron carbide particles and of 
the iron particles, the normal mechanical properties 
of steels can be changed to produce many desirable 
combinations. Nearly all the mechanical properties of 
a normal steel can be defined by changing the nature 
of the iron-iron carbide mixture or, in other words, 
its form, composition, and distribution. It is considered 
that by separating the major variables in this fashion 
their individual roles and then their various combina- 
tions of practical interest can first be assessed 


AND STRESS RANGES HOW THEY 


AFFECT SERVICE LIFE 


STRESS 


In the determination of the effects of certain alternat- 
ing stresses upon air fatigue test specimen life, it is 
found that below a certain stress level the working life 
of a specimen is unlimited for all practical purposes. 
This stress level endurance limit or the 
fatigue limit. 

This limit defines for the given steel, with a certain 
surface condition and finish, the maximum loadings 
which may be given the steel in air and yet not expe- 
rience failures within a reasonable and defined period 
of service life. An important point is that in corrosive 
environments there is no real endurance limit but only 
a steady the required to induce 
failure as the number of cycles is increased. 

Several points of interest need to be underscored. One 
is that the air fatigue strength is approximately one-half 
of the air tensile strength value, assuming that the 
surface conditions and stress conditions of the engi- 
neering application and the test specimens are quite 
comparable. 

The second is that corrosion exposures, such 
salt water or salt water and hydrogen sulfide, may 
bring nominal endurance limits to one-fifth and one- 
seventh of the tensile values, respectively. These data 
are, Of course, approximations of the endurance limit 
decreases involved. 

The third major point is that the increase of the 
tensile strength of the steels employed does not offer 
major hope of substantial improvement of working 
life. The final point is that one cannot expect any 
practical stress level to give, in a corrosive environment, 
an infinite fatigue life, as is inherent in the statement 
that corrosion is taking place. 


is called the 


decrease of stress 


as to 
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Iwo engineering considerations here are 
(1) are imperfect of surface finish 
and are not comparable to the fatigue test specimens, 
their performances should be, in fact, somewhat inferior 
to the experimentally determined values and (2) since 
a fatigue curve is not an absolute or final curve, but 
really is but one curve out of a statistical grouping 
or a family or band of curves, one must expect an 
endurance limit to be similarly subject to experimental 
scatter. These show that one can expect 
important positive o1 laboratory departures 
and even larger negative fieid departures from any non- 
statistical, single run endurance limit determination. 
The and types of 
present are summarized in the empirically esta lished 
formulas given below 
Gerber's Law 


VM 
Rl 
/ 
R safe range corresponding to mean stress Vf 
R safe range when M = 0 


f ultimate strength of the material 
Vloore’s Nature of Stresses 


important 


since sucker rods 


two criteria 


negative 


effects of stress ranges stresses 


Criterion of Stress Ranve 


(1) 


Statement of 


(2) 

If completely reversed stresses are not present in the 
fatigue test but only repeated cycles of pure tensile 
of compressive tensile-compressive cycles 
partially reversed, then 


Stresses, OIF 


S endurance limit for a given number of cycles 
tor completely reversed stresses 
ratio of minimum to maximum stress during a 
cycle, being a negative for completely or par- 
tially reversed stresses 
endurance limit for this given number of cycles 
of this pattern of stresses 
Strictly speaking, the above formulas apply to steels 
in air fatigue, but they should also in principle apply 
to corrosion fatigue. One may realize from these 
empirical formulas that air fatigue life is improved if 
the stress ranges are reduced and if the stresses are kept 
as pure and as unmixed as possible. Any design or opera- 
tion variables that help in achieving these two points can 
be expected to help improve performance life. 
The effects of frequency of stresses upon fatigue life 
are considered in a later section. 


CORROSIVE AGENCIES 


Four corrosive agencies are most commonly of major 
concern to oil field corrosion losses, being atmospheric 
oxygen, the gases of carbon dioxide 
and/or hydrogen sulfide, and the lower fatty acids. 


dissolved acid 


ATMOSPHERIC CORROSION 


Atmospheric oxygen, if permitted access to oil well 
brines or any suitable electrolyte, gives rise to oxygen 
concentration The corrosion of a buried rusty 
nail or a rusty tin can or the exposed hull of a ship or 
the compartments of an oil tanker is of this type and 
mechanism. The origin of the electrochemical potentials 
involved here from the differenences in oxygen 
content of the anode and of the cathode electrolyte 
regions, these being due to air accessibility differences. 


cells. 


are 


Fig. | illustrates the origins and nature of this EMF. 
The larger the differences of the oxygen concentration 
levels at the two electrodes, the larger the produced 
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losses 


in 


corrosion 


ot 


the greater the 
reactton mechanisms 


current will be and 


The electrochemical steel 


sea water-oxygen exposures are summarized below: 


l. Fe* + 20H = Fe(OH)... (white) 
2. Fe” + 30H = Fe(OH), (yellow-red) 
The reaction mixture is first bluish, then becomes 
greenish, and finally becomes yellow-brownish as 
more and more oxygen is absorbed 
2 Fe + 30 + BLO = 2 (FeO(OH) 
(3—lepidocrocite ) 
30 = Fe.O 
Fe.C (undecomposed ) 


Fe + (haematite ) 


Fe,C 


From these reactions it may be seen that ordinary rust 
is not a simple substance but is often a complex mate 
rial. The sea water, marine, or brine variety mainly 
3—lepidocrocite (FeO(OH) with iron being 
entrapped undecomposed, often with a haematite unde! 
coat film present. The important feature of the oxygen 
concentration cell is that it is chiefly due to an ex 
ternally caused EMF. It may proceed somewhat inde 
pendently of microstructural differences. The fact that 
it is still partly dependent on microstructure may be 
noted in that careful X-ray spectrometer and chemical 
analyses both reveal undecomposed, pyrophoric iron 
carbide present in ordinary steel rusts 


Is 


. } > 
carbide 


Evidently iron carvide has a significant role even 
in the atmospheric corrosion of steels, may be 
studied in Fig. 2. Two roles appear for the iron carbide 
first, it evidently helps to nucleate the first rust nuclei: 
then it produces with a given electrolyte an iron-iron 
carbide EMF which, upon an anodic region of the steel, 
is additive to the oxygen concentration cell EMF oper- 
ative thereon. Using ASTM sea water as the electro- 
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lyte, the maximum oxygen concentration cell voltage 
observed with air saturation was greater than 260 my 
and with oxygen bubbled in this was greater than 
280 mv. 

One interesting and significant aspect of the oxygen 
concentration cell involving iron or steel is that on its 
local cathodes in sea water or salt water a very tena- 
ceous and protective film of homogeneous haematite 
is formed. The authors have found that this noncon- 
ductive film prevents further corrosion attack and 
is present in areas which are under cathodic protec- 
tion. Furthermore, the authors have successfully elec- 
trochemically synthesized this desirable film on. steels. 
It is believed that this film may have a direct beneficial 
action on the corrosion cracking improvement in mild 
steels under cathodic potential, as noted by R. N. 
Parkins. As such, it implies that most substantial cor- 
rosion fatigue improvements may be accomplished upon 
steels in sea water and air by application of cathodic 
protection, even as to prevent or minimize paravane 
line failures and bridge wire deterioration and premature 
drill pipe failures. It would be applicable for stressed 
steels in these corrosive environments, either under 
constant or repeated stress. 


HYDROGEN SULFIDE, CARBON DIOXIDE, 
AND Lower Fatty Acip ATTACKS 


[he anaerobic corrosion attacks found in oil wells 
are generally due to these gases which form weak acids 
and the lower fatty acids in produced waters or brines. 
It is these electrolyte systems that shall be referred 
to in the remainder of this paper. Only the corrosion 
tendencies of the metal structures are considered, as 
the chemistry forms another subject paper. 

Iwo factors tend to influence and control the cor- 
rosion behavior of steels in these environments. One is 
the degree of surface protection afforded by oil well 
paraffin deposition and the efiects of polar compounds 
in the crude, since certain paraffin deposits can largely 


seal off the sucker rods from any extensive corrosion 
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attacks and the polar compounds make the surtace oil 
wet, thus excluding the water. The other is 
the amount of which may 
largely determine the corrosion 
by-products’ films. 

In Figs. 3, 4, 
microstructure in sucker rod steels, 
wear, upon the character and the corrosion 
attack in an H.S-brine at approximately 120°F. It is 
strikingly interesting to note that, even in 
poor microstructure of the banded steel rod with the 
conical pits, the direct macrocorrosion of areas not sub- 
ject to erosion wear was not accented 


corrosive 


direct erosion or wear, 


protectiveness of the 
effects ol 


and 5, may see the 


in combination with 


one 
extent of 


spite of a 


There appears to be a strong difference of behavior 
of the hydrogen sulfide and the carbon dioxide attacks 
upon steels in oil well environments. In “sour” 
wherein hydrogen sulfide-brine electrolytes produce a 
black iron sulfide film, this insoluble sulfide film tends 
to be deposited and to be 2ctive. In “sweet” oil 
areas wherein carbon dioxide-brine occur, 
the corrosion by-product film is not observable and the 
solubility of the usually 
not permit an insoluble by-product film. No major cor- 
resistance may be expected in this type o 
service, assuming a given structure, insolubk 
iron carbonate is formed and deposited. In a rea 
sense, it is clear that the nature of the corrosion is, fo 
a given and microstructure, the product of thi 
environment, the steel structure, and the corrosion by 
product behavior 
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prot 
electrolytes 
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rosion 


unless the 


steel 


RELATIONSHIPS OF CORROSION 
AND MICROSTRUCTURES 


THE 


studies of the 
we concluded 


Corrosion 
that: 


From metallurgical 
of the above specimens, 
1. The corrosion attack was pearlite-accented and 
that certain of the pearlitic more 
anodic in the ferrite-pearlite aggregate 


pitting 


areas were 
The iron-iron carbide potential was the agency 
helpful to and effective in the control of the 
attack. Preliminary potential measurements show 
that this EMF is greater than 250 mV and may 
be as high as 300 mV in 0.1 N NaOH at 73°1 
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that in 
carbon 


was tound any 


order of 


fo demonstrate this point, it 


similar series of steels arranged in 
content the steels were clearly cathodic 
to the lower carbon steels and that a 1.80 per cent Ni 

0.28 per cent Mo sucker rod (case- 


to the identical steel 


higher carbon 
0.21 per cent ¢ 
hardened) coupling was cathodic 
not carburized 

From the published data of S. M. Jones Co. on 
limits of three popular sucker rod types, 
the relationships of the endurance 
steels as a function of carbon 
characteristic relationship was 
found between the content and the endurance 
limit. While limits must be qualified 
by the previous considerations, the general relationship 
interesting. It can be noted that 
nickel content here is to act as 
a ferrite strengthener and that its corrosion contribution 
with small additions is to permit lower carbon 
contents to be and it cannot be held responsible 
for the fatigue improvements noted. 

From the study, it tound 
Heyn and O first studied the effects 
corrosion losses of carbon content and form. It 
found that C. Chappell’ demonstrated the increase of 
corrosion rates of steels wth increase of carbon content, 
that the losses decreased with this 
quenched, tempered, normalized, rolled, and 
annealed. Significant contributions on the above topics 
were made by H. Endo’ and T. Matsushita and K 
Nagasawa 

In the work of 1 
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Fic. 6 — THE FUNDAMENTAL BASIS FOR THE ELECTRO- 

LYTIC Micro CELL CORROSION OF STEEL. THIS CELI 

REPRESENTS ONE PAIR OF ELECTRODES PRESENT IN 

PEARLITE, SPHEROIDITE OR OTHER FERRITE-CARBIDE 
AGGREGATE. 


ondarily) are atmospheric corrosion retardation agents. 
it is the carbon content of structural carbon or structural 
alloy steels that is the primary corrosion acceleration 
agency. 

In the metallographic studies of 1.75 per cent Ni steel 
mentioned, the surface of the corroded steel was found 
to be preferentially attacked at the pearlite grains, 
some of which were found to be indented by the 
corrosion. The pearlite grains of different orientations 
were corroded to varying depths. This preferential 
attack of the pearlite grains was also observed shortly 
afterwards in oil well tubing and casing, where the 
pearlite, being more uniform, and the grain size, 
being much larger, made the observations more cer- 
tain and accurate. 

Consequently, the authors were led to consider that 
the corrosion of these normal steels was taking place 
through the formation of local microelectrolytic cells 
by having the iron carbide (cementite) platelets of 
these steels to function as one microelectrode, while the 
alpha iron (ferrite) platelets served as the other. Figs 
6, 7, and 8 afford a description of this electrochemical 
behavior of the normal microstructural elements and 
forms in normal steel as determined from our laboratory 
experiments and observations of field experience. It 
was observed that: 

1. The corrosion of the pearlite was orientation de- 
pendent (as determined from the pearlite orienta- 
tion in reference to the corrosion medium or, 
equivalently, to the number of cells active per 
unit area of exposed surface). 


The corrosion of ferrite-carbide aggregates was not 
orientation dependent, giving rise to more uni- 
form and severe corrosion activity, while the 
pearlitic corrosion tended to give restricted pitting 
action because of the poorly oriented grains. 
These points can be clearly seen by examination of 
Fig. 9. It may be observed that the grain size found 
in a pearlitic steel is important, since it determines 
the magnitude and nature of the pearlitic corrosion 
pitting actions and so the local stress-raising effects. 
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HOW SUCKER RODS FAII 


One other point needs to be considered before the 
signifiicance of the iron-iron carbide potential and 
its Orientation dependence in pearlite and orientation 
independence in spheroidite or globularized iron car- 
bide forms can be assessed. What is the mechanism of 
corrosion fatigue failures in sucker rods? 

Laboratory experience, from the macro and micro 
investigations of many failure specimens, shows that 
the initiation and the growth and development of a 
corrosion fatigue failure are essentially clearly inter- 
granular until the stress levels reached on the remaining 
areas are so high that the normal tensile-type failure 
occurs. For approximately 60 to 90 per cent of the 
specimen area, the intergranular failure takes place 
with little or no local elongation. Then, transgranular 
or tensile failure takes place with slipping, warpage, 
and elongation of the grains being noted. These failure 
mechanisms can be observed by macrostructure studies 
alone. 

These failures are quite similar to high-temperature 
failures in high-temperature alloys and in jet engine 
alloy blades. First, there is a chemical oxidation and 
reaction and penetration of the grain boundaries with 
a chemical deterioration and rupture of the grain 
boundaries. Then there is the normal transgranular 
tensile type failure (with perceptible elongation) when 
excessive stress levels are reached. 

In the authors’ judgment, in corrosion fatigue, the 
proportion of the intergranular to the transgranular 
fracture components depends upon the ratio of the 
stress level actually experienced to the yield stress 
level. It is, therefore, an index of the quality of design 
and its safety factor. The authors’ data, therefore, 
force the conclusion that the condition of the grain 
boundaries and the chemical composition of the grain 
boundaries, as to possible electrochemical action, are 
important and even critical as to corrosion fatigue 
behavior. (The authors’ data further imply that there 
does not exist in fact an “equi-cohesive” temperature 
for metals.) Fig. 10 illustrates a condition in the cor- 
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Fic. 8 A Basic MECHANISM IN THE CORROSION OF 
STEELS: SPHEROIDITE OR FERRITE-CARBIDE (PARTICLE 
S1ZE AND Density DEPENDENT, ORIENTATION 
INDEPENDENT) CORROSION. 


rosion fatigue failure mechanism, found only in one 
mode, the electrochemically-produced one, of the gen- 
eral grain boundary oxidational failure mechanism in 
metals and alloys. 


Fig. 11, included as a graphic example, illustrates 
the intergranular HF stress corrosion cracking of K 
monel. It is seen that in a grain boundary which 
possesses iron carbides there already exists on a micro- 
electrolytic cell basis an ample supply of local anodes 
and cathodes. The intergranular corrosion of certain 
18 Cr-8 Ni stainless steels may be considered to be 
an analogous case. The authors believe that these 
grain boundary carbides in mild or low carbon steels 
are instrumental in corrosion fatigue work and are the 
primary agency in the lowering of the endurance limit 
with increased carbon content. The presence of iron 
carbide particles at the grain boundaries may have a 
multiple effect. Besides the electrochemical effects ot 
dissimilar structures being present, the presence of 
second phase at the grain boundaries also means the 
presence of severe microstresses. These microstresses 
may be expected to make the grain boundary even more 
anodic in these systems. 
wherein 
he shows the improvement of stress corrosion cracking 
resistance of mild steels (0.07-0.22 per cent carbon) 
due to minimization of grain boundary cementite enve- 
lopes may be interpreted as being due to the focusing of 
anodic action upon the grain boundaries by the pres- 
ence of grain boundary iron carbides. 


The results obtained in R. N. Parkins’ work, 


THE DESIGN AND SELECTION OI 
SUCKER ROD STEELS 


With the source of the microelectrolytic cell EMI 
being considered (the iron-iron carbide EMF) and with 
the nature of the failure being recognized as inter- 
granular, it becomes relevant to examine the merits otf 
various possible variations in microstructure. 

First, the volume and the grain boundary resistance 
to deterioration should be made a maximum. With 
pearlitic steels, this implies a preference for reduction 
of corrosion pit notching through making the grain size 
as fine as is reasonably possible. It also implies that 
the carbides per unit grain boundary area be minimized. 

Second, it appears evident that as low a carbon 
content is desirable as is consistent with necessary 
yields and elongation values. 
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[hird, whatever the given carbon level, it should 
preferably be volume-distributed rather than grain 
boundary-distributed. This generally means a spheroid- 
ized carbide distribution rather than a pearlitic plate- 
let distribution 


Fourth, it is clear that, while quenched and tempered 
structures have no built-in macro-corrosion resistance 
possible from orientation, it is quite possible to obtain 
some corrosion resistance based on orientation benefits 
from pearlite aggregates. But here a certain difficulty 
creeps in. The pearlite grains always have partial grain 
boundary cementite envelopes (Fig. 12). The pearlite 
grains are nucleated from grain boundary cementite 
particles so that it appears that the pearlite’s macro- 
corrosion resistance can be obtained only at the expense 
of corrosion fatigue resistance (because of poor micro- 
corrosion resistance at the grain boundaries). This 
grain boundary cementite envelope effect works to 
minimize the pearlite orientation effects, since a poorly 
oriented grain may be protected initially by a coherent 
grain boundary cementite envelope 


The work of Dolan and Yen" on air fatigue indicates 
precisely this point, if the differences of the yield 
strengths of their steels can be assumed to be negligible. 
(Actually it appears more reasonable to express endu- 
rance limit in terms of yield strength than tensile 
strength. ) 


Several conclusions are possible trom these reason- 
ings: One is that Hopkinson’s view,” that a slight in- 
crease of endurance limit should result with an increase 
of frequency of stress reversals, must be even more 
true for corrosion fatigue than for air fatigue. Since 
the electrochemical oxidation of the grain boundaries 
is a time dependent process, the lower the stress applica- 
tion frequency the larger the net effect of corrosion 
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Fic. 10 — THE GRAIN BOUNDARY FAILURE PATH SHOW 
ING GRAIN BOUNDARY CRACKING AND PARTING AND Not! 
SHOWING LocaL GRAIN DEFORMATION. 


penetration should be. But the effects of the frequency 
may not be structure-independent. An increase of 
frequency may be expected to give an effective increased 
life to grain boundaries that do have carbides and to 
have little or no effect upon grain boundaries that 
do not have carbides or other two-phase systems to give 
electrochemical differences. 


MANUFACTURING VARIABLES AFFECTING 
SUCKER ROD PERFORMANCE 


Several surface condition factors need to be under- 
scored, as the final performance of the sucker rods 
is dependent upon both the surface and the volume 
properties of the finished sucker rod. First, the fact 
that increased surface roughness decreases the air fatigue 
life of steel is well established. 


Second, the presence of mill scale, Fe,O,, is undesir- 
able because it is very strongly cathodic to iron and 


causes strong local microelectrolytic cell action. The 
authors’ results show that the EMF produced by the 
Fe,O,—Fe action is more than 0.82 volt in 0.1N HCl 
at 72°F. If the mill scale produced in manufacture is 
quite thick, there is both decarburization of the 
surface and severe grain boundary magnetite inclusion 
formation. 


Both decarburization and inclusion formation tend 
to lower the corrosion fatigue life. The former factor, 
although improving corrosion resistance, tends to lower 
the net available cross section, while the latter forms a 
destructive corrosion system. If a pure ferrite film could 
be formed with a comparable or equal cross section, 
there should be a marked increase of corrosion fatigue 
life, as is implied by the reduction of iron-iron carbide 
cell density. Finally, any surface mechanical or chemi- 
cal (electrochemical) injury can be expected to accent 
and intensify corrosion fatigue failures 

The Fe,O,-Fe potential referred to in the above para- 
graph refers to the hydrochloric acid-oxygen system, 
an aerobic system. In hydrogen sulfide-brine systems 
(anaerobic) the ferrite reacts rapidly to form an insol- 
uble iron sulfide film. The effect of this film is apparently 
very desirable, since the mill scale, Fe.O,, does not in 
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practice show corrosion acceleration with the iron sul- 
fide. In hydrogen sulfide-brine oil well media, the 
FeS-Fe,O, potentials are either quite small or are essen- 
tially negligible. (The carbon dioxide-brine cases are not 
defined for the Fe,O, case: here, however, the Fe,O, 
potentials are expected to be significant.) From the 
above it is apparent that the normally encountered 
decarburized steel surface layers, mainly ferrite with 
some residuals of Fe,O, inclusions, act in certain applica- 
tions as built-in corrosion inhibitors. These commercial 
ferrite films, within desirable limits, offer very inter- 
esting possibilities for use as desirable corrosion inhibi- 
tors for hydrogen sulfide-brine areas. 


CONCLUSIONS 


1. The performance and life of oil well sucker 
rods are microstructurally dependent and can be reg- 
ulated by heat treatments. These variables are subject 
to manufacturing practice control. For optimum sucker 
rod service, the structure and carbon content as well 
as the alloy composition and design loads should be 
considered for maximum corrosion fatigue life. These 
should be considered in regards to the particular cor- 
rosive environment. 

2. The corrosion fatigue life of sucker rods is carbide 
(carbon) content sensitive as well as carbide distribu- 
tion sensitive. The grain boundary type of distribution 
is specifically undesirable. It is believed that the iron- 
iron carbide potential is the responsible and controlling 
agency. 

3. Corrosion fatigue failures are mainly grain boun- 
dary oxidational reaction failures. 

4. No external, electrolysis-producing currents are 
needed to give electrolytic action in steels for oil 
production service. The “built-in” microelectrolytic cells 
trom microstructural variations provide ample voltages, 
under certain conditions, to give corrosion or corrosion 
fatigue attacks. The amount and form and distribution 
of the iron carbide help to control these. 

5. It is pointed out that the iron-iron carbide potential 
is apparently of first-order significance even for normal 
rusting or atmospheric rusting. Atmospheric rusting 


Fic. 11 — THE GRAIN BOUNDARY OXIDATIONAL FAILURE 
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GRAIN BOUNDARY ENVELOPES OF MaAs- 
HiGH Purity STEEL. 
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SIVE IRON CARBIDES IN A 


appears to be nucleated at the ferrite-cementite (or 
iron-iron carbide) interface. In an anodic region of a 
steel in the atmospheric rusting process, the iron-iron 
carbide potential is apparently additive upon the oxygen 
concentration cell potential. 

6. The sucker rod life, for a given stress pattern and 
surface, may be considered as being dependent upon 
both corrosion resistance and erosion resistance.* Where 
rod wear is not a problem and where corrosive service 
is encountered the lower carbon alloy steels of suit- 
able yield strength levels and quenched and tempered 
structures would seem preferable. Where rod wear is 
a significant factor, the plain carbon and carbon-man- 
rods (normalized condition) tend to 
desirable erosion resistance certain 
which contribute 
to an improved corrosion fatigue life for this case. 
Finally, where neither wear nor corrosive conditions 
the normalized plain 


ganese would 
confer a 


corrosion resistance, both of 


and a 


should 


occur the low carbon alloy or 
carbon and carbon-manganese steels are indicated, with 
the former giving the longer life or the larger load- 
carrying capacity. 

While corrosion fatigue capacity has been emphasized 
in this paper the final sucker rod behavior is, in certain 


cases, dependent on the corrosion-erosion fatigue be- 


havior of sucker rod steels, with the erosion resistance 
increasing with increased carbon content and structural 
hardness. 


By erosion is meant rubbing ane physical impingement losses 
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Annual Statistics 
Volume Available 


Statistics of Oil and Gas Develop- 
ment and Production, Vol. 7 cover- 
ing 1952, is now available. This 
latest volume in the AIME’s an- 
nual petroleum statistics series con- 
tains 704 pages covering domestic 
and foreign operations during 1952. 
more than any previous volume. 

The data were collected and com- 
piled by authoritative engineers and 
geologists in all major and most 
minor oil-producing areas of the 
world, and took more than a year 
to assemble for publication. Direct- 
ing the work was the Petroleum 
Branch Production Review Com- 
mittee, headed by R. B. Gilmore, 
chairman, Milton Williams, vice- 
chairman for domestic areas, and 
A. H. Chapman, vice-chairman for 
foreign developments. 

Presented in the same form as 
previous volumes, data are organ- 
ized by areas and fields. Production 
tables include annual and cumulative 
recovery of oil, gas, and condensate, 
performance data, reservoir charact- 
eristics, number of wells, producing 
formation and depth, and quality of 
production. Other tables list indi- 
vidual wells drilled during 1952, both 
discoveries and extensions, and their 
depth, formation, and initial pro- 
duction. The most important 1952 
developments are summarized in in- 
troductory paragraphs to most of 
the area reports. 

The volume may be ordered from 
the American Institute of Mining and 
Metallurgical Engineers, 29 West 
39th St., New York 18, N. Y. Price 
is $5 to AIME members and $10 
to non-members. 


Study Group on Unitization 
Planned by Dallas Section 

Study-group meetings will be held 
by the Dallas Local Section in April 
and May. Field Unitization will be 
discussed at the meetings to be held 
on the Southern Methodist Univer- 
sit campus. Approximately 75 at- 
tended the first meeting, held in 
March. 


Delta Local Section Hears 
Report on Gulf Pipe Line 

The Delta Local Section heard 
Charles L. Graves of J. R. McDer- 
mott Co., give a paper on the 
“Resume of Gulf of Mexico Pipe 
Line Construction to Date and a 
Look into the Future.” at the Feb- 
ruary meeting. 
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FRANK A 
the staff of 


tive of Texas, he 
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in 1942. He 
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sociated with Texas Gulf Producing 
Co. as petroleum engineer in both 
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served forces 


* 


KENNETH E. MEYER is now petro- 
leum engineer and analyst for Leh- 
man Corp. New York. 
He formerly was with Cities Service 
in New York. 


(investors), 


* 


E. G. Dopson has transferred from 
Venezuela, where he 
the chief petroleum engineer for the 
Venezuela Division of the Texas 
Co. He is now chief engineer for 
the Texas Co. Foreign Producing 
Department, with offices in New 
York City 


Caracas, was 


* 


\. A. HALKEeRS has accepted the 
position of district petroleum engi- 
neer for British American Oil Co., 
Ltd., Edmonton, Canada. He for- 
merly was drilling equipment engi- 
neer for the Royal Dutch Shell Ojl 
Co., Djakarta, Indonesia. 


. 


Paut McCELRoy is now petroleum 
for Three-States Natural 


Dal- 
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R. S. OUSTERHOLT has rejoined 
Dowell, Inc., in 
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He has now sold his interest in the 


tool company and is the Dowell gen- 


Tulsa, after six 


eral offices in charge of sales tor oil 
field and industrial services. He was 
district sales manager for Dowell in 
the Midland before 


private business. 


area entering 
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a graduate of Rice, was with Humble 
for five years in a reservoir engineer- 
ing and supervisory training Capacity 
Later, he was a consultant in Mid- 
land for two years. 
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* 


D. B. TALIAFERRO and Guy Wap- 
DINGTON have received the Distin- 
guished Service Award with Gold 
Medal, the highest honor of the 
Department of Interior. The engi- 
neers of the U. S. Bureau of Mines 
Petroleum Experiment Station (Bar- 
tlesville, Okla.) received the presen- 
tation from Secretary of Interior 
Douglas McKay. 


* 


SALEEM TANNOUS has completed 
his graduate work at Louisiana State 
University and has accepted a posi- 
tion with the American Independent 
Oil Co. in Kuwait, Persian Gulf. 
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JoseEPH G. LAMBERT, geological 
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graduation from Princeton Univer- 
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Department of The Chase National 
Bank of New York. 


lougher 


Feser- 
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ing, Universidad Industrial de San- 
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his PhD degree at Pennsylvania State 
University. 
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CHARLES R. Dopson, 
Stanley, Stolz, and 
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petroleum engi- 
neer for the Na- 
City Bank 
ot New York. A 
member of the 
Branch Executive 
Committee, Dod- 
son has worked 
with Standard Oil 
of California 
(1936-1947), been a member of the 
University of California faculty, and 
from 1947 until 1953 was a profes- 
sor and head of the Petroleum De- 
partment of University of Southern 
California. He holds a BS degree 
from the University of Maryland 
and an MS from Massachusetts In- 
stitute of Technology in mechanical 
engineering, plus two additional 
years of study at the University of 
California. His New York _ head- 
quarters is 55 Wall Street. 


Los 


tional 
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FREDERICK W. SEYFARTH is now 
serving as a petroleum engineer for 
Cable Engineering, Wichita Falls, 
Tex. He formerly was production 
foreman for Standard Oil Co. of 
Texas, at Iraan 
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Harry B. SCHRAMM is now 

president in charge of engineering 

and manufactu! 

ing of Otis Pres- 

sure Control, Inc 

He is a graduate 

of Texas A&M 

College as a pe- 

troleum engineer 

Prior to joining 

Otis in 1946 he 

worked in north 

central and west 

central Texas. Herbert C. Otis, Jr., 

is the newly-appointed executive vice- 
president of Otis. 


vice 
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Cortez P. HACKETT is now Di- 
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been with Solvay since 1932. In 
his new post he heads engineering, 
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ments, with his office remaining in 
Syracuse. 
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Tr. K. MatrHews has joined the 
Republic National Bank of Dallas 
as a petroleum engineer in the Oil 
Department. Since his graduation 
from the University of Oklahoma in 
1949, he has been with Gulf. For 
the last three years he has_ been 
a reservoir engineer in the Fort 
Worth Gulf offices. 
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JOHN A. NEWMAN has announced 
the opening of a consulting office in 
Houston. He for- 

merly was Hous- 

ton division reser 

voir engineer and 

Houston area 

proration and 

utilization engi- 

neer for Shell Oi! 

Co. Newman will 

specialize in 

. serve estimates 
and property valuation, development 
and management of oil and gas 
properties, regulatory work and al- 
lied services.” The establishing ot 
the Houston office by Newman fol- 
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branch 
r R Ss 


lows over a year of private practice 
in the mid-continent, Ohio, as well 
as Houston. He is a graduate in 
chemical engineering of Cornell 
University 
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WayNe E. SWEARINGEN, giaduate 
of the University of Oklahoma in 
1948, has accepted a position as pe- 
troleum with Herman H. 
Kaveler, petroleum consultant in 
Tulsa. He was tormerly with Stano- 
lind in the Oklahoma Division Office. 
Prior to his graduation from Okla- 
homa, Swearingen spent three years 
in the Air Corps. He has been pri- 
marily engaged in reservoir evalua- 
tion, pressure maintenance, and uniti- 
zation Operations in his professional 
work. 


engineel 


* 
Fritz G. Taves has been assigned 
to the staff of Pierre Schlumberger, 
president of 
Schlumberger 
Well 
Corp. He will re- 


Surveying 


tain his offices in 
Los Angeles and 
handle special as- 
signments. Taves 
has been Schlum- 
Pacific 


ager for a number of years, having 


berger 
Coast area man- 
originally joined the corporation in 
1935. From 1942 until 1946 the 
University of California petroleum 
engineering graduate served as execu- 
tive officer for the Elk Hills Naval 
Petroleum Reserve. 
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Lewis G. Weeks has been ap- 
pointed chief geologist of Standard 
Oil Co. (N. J.). Prior to his new 
assignment, he was the company’s 
enior research geologist in the Pro- 
ducing Coordination Department. 
Weeks is a graduate of the Univers- 
ity of Wisconsin and did graduate 
work at Cornell. He started his pe- 
troleum geology career in Indian in 
19°20. Prior to his transfer to New 
Yerk, he engaged in geological work 
in many parts of South America, and 
was president of Standard Oil Co. 
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ot Bolivia. He is very active in 
AAPG as well as the AIME. 
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MILTON E. 
manager of the 


Loy has been named 
Pacific Coast 
tor Schlumberger, 


area 


replacing Fritz G. 
Faves who has 
been assigned to 
the staff of the 
president. He has 
been with the cor- 
poration for 14 
years, having 
served most re- 

cently as assistant 
to Taves. He is a graduate of the 
University of California in mechan- 
ical engineering and is widely known 
on the west meeting 
speaker. 


coast as a 
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JOHN ToM REYNOLDS has opened 

offices in Dallas as a consulting pe- 

= troleum engineer, 

specializing in 

property manage- 

ment. For the last 

three years he has 

been employed by 

D. D. Feldman 

Oil and Gas, Dal- 

las. He is a grad- 

uate of the Uni- 

versity of Kansas 

and has worked with Sohio and 

Halliburton in the Gulf Coast, Mid- 
continent, and Eastern states. 
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SCHWAB is now chiet 
Otis Pressure Control, 
Inc. He joined 
Otis in 1949 and 
worked in Hous- 
ton and New Ibe- 
ria before being 
transferred to 
Dallas as adminis- 
trative manager 
and liaison direc- 
tor for the home 
office. He studied 
petroleum enginering at Texas A&M 
for three years before transferring 
to the University of Minnesota for a 
degree in civil engineering. 


CarRL M. 
engineer of 
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LOCAL SECTION 
MEETING SCHEDULE 


ne PETROLEUM SECTION: Meets in 
. Lowe, Wallace & Lowe, Inc., Billings 
iw Sanderson Lab., Billings 


Mont. Choirmar 
J. G. Yapuncich 


Billings 


Secretary 


month in Dallas. Chairman 


Secretary, 


DALLAS SECTION: Meets third Monday each 
G. R. Brainard, Jr., Lucerne Corp., Dallas 
Atlantic Refining Co., Dallas. 


DELTA SECTION: Meets second Tuesday each month in New Orleans 
Chairman, A. L. Vitter, California Co., New Orleans. Secretary, W. D 
Clift, New Orleans 


The Texas 
Denver. 


DENVER PETROLEUM SECTION: Chairman, T. O. H. Mattson, 
Co., Denver. Secretary, A. J. Carter, Jr., Bay Petroleum Corp. 


EAST TEXAS SECTION: Meets second Tuesday each month at Gregg 
County Airport. Chairman, . Scheirman, Shell Oil Co., Kilgore. 
Secretary, T. A. Banta, Lufkin Foundry & Machine Co., Kilgore 


FORT WORTH —— Meets third Tuesday each month in Fort Worth 
Chairman, M. Taylor, Gulf Oil Co., Fort Worth. Secretary, B. J 


Bonner, T & P coal and Oil Co., Fort Worth 


GULF COAST SECTION: Meets third Tuesday each month in Houston 
Chairman, W. B. Hopkins, Gulf Oil Corp., Houston. Secretary, Herman 
A. Engel, Jr., Union Sulphur and Oil Co., Houston 


ILLINOIS BASIN CHAPTER: Meets first Thursday each month in Salem 
Ill. (No meetings in July and August.) Chairman, Jerry Vaughan, Sun 
Oil Co., Evansville, Ind. Secretary, Harry Bridges, Shel! Oil Co., Cen 
tralia, Ill. 


KANSAS SECTION: Mee's second Wednesday in Wichita and fourth 
Thursday in Great Bend. (No meetings in June, July, and August 
Chairman, John T. Gary, Continental Oil Co., Wichita, Kan. Secretary 
R. M. Acher, The Texas Co., Wichita. 


LOU-ARK SECTION: Meets third Monday each month in Shreveport, La 
Chairman, C. R. Olson, Ohio Oil Co Shreveport. Secretary, E. P 
Ogier, W. C. Spooner, Inc., Shreveport. 


MID-CONTINENT SECTION: Meets second Monday each month in Tulsa 
study group meets fourth Tuesday each month (Luncheon meetings each 
Thursday, Mayo Hotel.) Choirman, G. C. MacDonald, Gulf Oil Corp. 
Tulsa. Secretary, F. H. Callaway, Stanolind Oi! & Gas Co., Tulse 


NORTH TEXAS SECTION: Meets second Monday each month in Wichita 
Falls. Chairman, D. B. Meisenheimer, Texas Co., Wichita Falls. Secretary 
P. F. Chapman, Box 2010, Wichita Falls 


and Natchez, Miss 
Natchez, 


SECTION: Meets in Laurel, Jackson 
|. Sanderson, Halliburton Oil Well Cementing Co., 
lLane-Wells Co., Natchez, Miss. 


MISSISSIPPI 
Chairman, W. 
Miss. Secretary, Bill J. McEver, 


OKLAHOMA CITY SECTION: Meets at noon third Thursday each month 
in Oklahoma City. Chairman, R. K. Mclvor, Sohio Petroleum Co., Okla 
homa City. Secretary, W. C. Pearson, Stanolind Oi! & Gas Co., Oklahoma 
City 


PACIFIC PETROLEUM CHAPTER: Meets in Los Angeles. Chairman, Milton 
E. Loy, Schlumberger Well Surveying Corp., Los Angeles. Secretary, 
J. A. Klotz, California Research — la Habra, Calif. 


JUNIOR GROUP: Meets second esata: each month at Turf Club in 
Rivera. Chairman, J. P. Garten, Long Beach Oi! Development Co. Sec 
retary, David K. Hayward. 


PERMIAN BASIN SECTION meets third Monday each month in Midland 
or Odessa, Tex. Chairman, J. R. Brack, Ohio Oi! Co., Midland. Secretary 
J. B. McClellan, Dowell, Midland. 


SAN JOAQUIN VALLEY SECTION: Meets first Tuesday alternate months 
February-December) in Bakersfield, Calif. Chairmen Harry D. Campbell, 
Franko Western Oil Co., Bakersfield. Secretary j. Taylor, Lane-Wells 
Co., Bakersfield. 


SOUTH PLAINS SECTION: Meets third Thursday each month in Lubbock 
Tex. Chairman, M. C. Gulledge, Magnolia, Brownfield, Tex. Secretary, 
Philip Johnson, Dept. of Petroleum Engineering, Texas Tech., Lubbock 


SOUTHWEST TEXAS SECTION: Meets third Wednesday each month in 
Corpus Christi: (No meetings in July, August, December.) Chairman, 
Chester L. Wheless, La Gloria Corp. Secretary, Robert R. Wallace, Sea 
board, Corpus Christi. 


WEST CENTRAL TEXAS SECTION: Meets third Wednesday each month 
in Abilene. Chairman, Dalton Moore, Jr., Wimberly Field Unit, Abilene. 
Secretary, Harold Lacik, Warren Petroleum Corp 


WYOMING SECTION: Meets in alternate months in Casper. Chairman, 
M. O. Hegglund, Stanolind Oil & Gas Co., Casper. Secretary, R. N 
Freeling, Texas Co., Casper. 
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Drilling Induced Fractures 
(Continued from Page 135) 
Possible Causes of Induced Fractures 


The exact causes of induced fractures are not known 
They may be the result of excessive pressures caused 
by running pipe in the hole. They may be formed 
while the core is being taken or they may form ahead 
of the drill bit. The fractures shown in Fig. | orig- 
inated below the top of the core and curve abruptly 
into the core in a down-the-hole direction. Evidence 
of fracturing ahead of the bit was obtained in a core 
of McAlester shale taken near Seminole, Okla. This core 
included 2 ft cement, 16 ft silty shale, and 5S ft 
fine-grained, tight Booch sandstone. Neither the cement 
nor the sandstone were fractured but the shale had 
vertical axial fracture with induced fracture character- 
istics running its entire length. A small step-up caused 
by chipping of shale away from one side of the fracture 
and cement forced into the fracture, shown in Fig. 
reveal that the fracture was present prior to coring. 


Importance of Induced Fractures 


An economic evaluation of fractured reservoirs neces- 
sitates the recognition of induced fractures. Although 
fractures created in the core during coring are of no 
economic importance, those produced in the formation 
adjacent to the well bore may have some importance 
by increasing transmissability in the immediate vicinity 
of the hole. Furthermore, general observations show that 
the physical properties 5f a rock, such as hardness and 
brittleness, which favor the development of natural 
fractures, will also make the rock susceptible to frac- 
ture during drilling. 
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Clay Mineralogy 
By Ralph EF. Grim. McGraw-Hill Book Co., Inc., 
York 1953. 334 p., 9% x6'4 in., hound. $9.00. 
The aim of this new text is to summarize available 
data on the structure, composition, properties, occur- 
rence, and mode of origin of the various clay minerals 
whose identities have been reasonably well established. 
The detailed information presented is of importance to 
engineers, contractors, geologists, oil drillers, the cera- 
mics and paper industries, and many other fields. 


New 


Laboratory Instruments 

By A. Elliott and J. Home Dickson. 
ing Co., Inc., New York, 1953. 414 p., 
hound. $7.50. 

The chief aim of this book is to provide the research 
worker with the principles of good design necessary for 
the construction of instruments in the laboratory work- 
shop. Separate chapters discuss the properties, treatment, 
and use of various materials; methods of construction to 
meet special requirements; kinematic design of instru- 
ments; sensitivity and distributing influences; the con- 
siderable subject of optical instruments and optical glass; 
and the use of photography in research. 


Chemical Publish- 
834 x6 in., 
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Local Section Officers Get 


SOUTHWEST TEXAS SECTION OF- 

FICERS AND DIRECTORS set to handle 

the Petroleum Branch Fall Meeting 

as Well as a full local program are, 

left to right: Chester Wheless, chair- 

man, La Gloria, Corpus Christi; Don 

Lewis, director, Crutchfield & Pruett, 

Corpus Christi; C. N. Carothers, di- 

rector, Humble, Kingsville; and R. E. 

Warner, director, Forest Oil Co., San 

Antonio. Back row, left to right, are: 

R. C. Hagens, director, Panhandle, 

Corpus Christi; Ivan Tucker, direc- 

tor, Atlantic, Corpus Christi; Robert 

R. Wallace, secretary-treasurer, Sea- 

board, Corpus Christi; Dallas Staples, 

director, Texas Co., Alice; Houston 

Parish, director, Engineering Serv- 
if > - % ice Co., Inc., Corpus Christi; and 
ruWest Texas Locs Roy Die, director, Humble, Corpus 
Christi. Not pictured are Robert K. 

Guthrie, vice-chairman, Seeligson 

Engineering Committee, San 

Antonio; and H. F. Adrian, director, 

Quintana Petroleum Corp., Refugio 





 — 


PACIFIC PETROLUEM CHAPTER OF- 
FICERS Nave made plans for an active 
year. At the planning session were, 
seated left to right: Kemp E. Barley, 
councilor, Baroid: M. E. Loy, Chap- 
ter chairman, Schlumberger; F. 
Lowry Wadsworth, retiring chapter 
chairman, General Petroleum; and 
John S. Bell, Humble, councilor. 
Standing are: R. S. Crog, retiring 
technology chairman, Union Oil Co.; 
Phil G. Cook, membership chairman, 
Union Oil Co.; C. R. Dodson, retiring 
chapter vice-chairman, now of the 
National City Bank of New York; 
Harold M. Stanier, councilman, Sun- 
ray; Nick van Wingen, senior past 
chairman, Petroleum Technologists, 
Inc.; J. A. Klotz, secretary, Califor- 
nia Research Corp.: and J. S. Baker, 
treasurer and councilor, Lane Wells. 


irene 


PERMIAN BASIN SECTION OFFICERS 
for 1954 are, left to right: J. B. Mc- 
Clellan, secretary-treasurer, Dowell: 
J. R. Brack, chairman, Ohio Oil Co 
A. L. Carpenter, vice chairman in 
charge of programs, Humble: and 
W. L. Grossman, vice-chairman in 
charge of membership, Halliburton. 
At the February meeting of this 


group, E. L. Anders, Jr., spoke on 


“Sub-surface Conditions of Oil Pro- 
PERMIAN BASIN LOCAL SECTION ducing Areas in Texas.” 
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Ready For 1954 Activities 


ForT WorTH Locat SECTION OF- 
FICERS for 1954 are, front row, left 
to right: R. P. Roe, fourth vice- 
chairman, Stanolind; H. A. Metzger, 
third vice-chairman, Lane-Wells. 
Back row, left to right, are: M. | 
Taylor, chairman, Gulf; L. H. Bond, 
Jr., first vice-chairman, Fort Worth 
National Bank: and B. J. Bonner, 
secretary-treasurer, T&P Coal and 
Oil Co. Not pictured is G. P. Laflin, 
second vice-chairman, Dowell. Direc- 
tors are T. M. Curtis, Stanolind; R. 
I. Durst, Gruy and Durst; R. W. 
Erwin, Salt Water Control, Inc.; 
K. C. Howard, Richardson and Bass; 
and J. G. Richards, Texas Co. 





NorTH Texas Loca SECTION OF- Fort WortH Locat SECTION 
FICERS smile over prospects for 1954 
and their 53.8 per cent increase in 
membership in 1953. Left to right, 
they are: Julian C. Herring, mem- 
bership chairman, Magnolia: Rollie 
P. Dobyns, retiring chairman, U. S 
Bureau of Mines; John Bolstad, di- 
rector, Continental; Elmer A. Milz, 
Section vice-chairman, Shell; David 
B. Meisenheimer, Section chairman, 
Texas Co.; Peter F. Chapman, secre- 
tary, Shell; Roland Gouldy, program 
chairman, Hull-Silk Repressuring 
Assn.; and A. J. Kerr, arrangements 
chairman, Lane-Wells. Officers not 
shown in the picture are Kenneth 
Austin, treasurer; Maynard Stephens, 
director, Ryder-Scott Co.; and Jack 
F. Berry, publicity chairman, Texas 
Co. 


DaLtas Locat SECTION LEADERS 
peruse a business statement as they 
plan for 1954. Seated, left to right, 
they are: T. L .Kennerly, program 
chairman, Core Lab.: Rufus Madera, 
Section vice-chairman, Republic Nat- 
ural Gas; Guy R. Brainard, Jr., Sec- 
tion chairman, Lucerne Corp. Stand- 
ing, left to right, are: Aurel E. 
Smith, arrangements chairman, Brit- 
ish-American: Al B. Dyes, secretary- 
treasurer, Atlantic: Kenneth W. Rob- 
bins, membership chairman, Otis 
Pressure Control; and Paul Meadows, 
Journal reporter, U. S. Bureau of 
Mines. Directors of the Dallas Sec- 
tion are R. T. Bright, Mercantile 
National Bank, John J. Arps, British- 
American, and E. G. Trostel, De- 
Golyer & MacNaughton. Dattas Locat SECTION 
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PROFESSIONAL SERVICES | this space avaiable only to AIME members 








AMSTUTZ AND YATES, INC. 


Petroleum Engineers and Geologists 
Estimates of Oi! and Gas Reserves 
Property Valuations, Reservoir Analyses 
Geologic Investigations 
406 KFH BLDG., WICHITA 2, KANS 


CRUTCHFIELD AND PRUETT 
CONSULTING PETROLEUM ENGINEERS 
Wilson Tower 
CORPUS CHRISTI, TEXAS 


John W. Crutchfield Horton T. Pruett 





JAMES A. LEWIS 
ENGINEERING, INC. 


Petroleum Reservoir Analysts 


Dallas, Texas Evansville, Indiana 
Robinson, Illinois 


Owensboro, Kentucky Winchester, Kentucky 











PISHNY and ATKINSON 
Engineering and Geological Consultants 
FORT WORTH, TEXAS 
Chas. H. Pishny Burton Atkinson 





DENTON-SPENCER 
COMPANY, LTD. 


Petroleum Engineers and Geologists 


Barron Building Calgary, Alberta 








J. HOWARD BARNETT 


PETROLEUM CONSULTANT 
Phone 2-1758 
Casper, Wyoming 


Casper National Bank Bldg 
113 East Second St 


MARTIN, WILLIAMS & JUDSON 


PETROLEUM CONSULTANTS 
Engineering - Geology - Management 
131 Central Bidg Phone 2-5216 
MIDLAND, TEXAS 
William H. Martin R. Ken Williams 
Edward H. Judson 











EARLOUGHER ENGINEERING 
Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
Investigations - Appraisals - Operations 
3316 East 21st St. 

TULSA 5, OKLAHOMA 
Phone: 9-6345 





WAYNE L. McCANN 
Petroleum Engineering and Geology 


SHREVEPORT, LOUISIANA 
Slattery Building Phone: 2-8023 














ROBERT M. BEATTY 


Consulting Geologist 


Esperson Building Houston 2, Texas 





EASTON & SACRE 
Consulting Petroleum Engineers 
0 Oak Street 
BAKERSFIELD, CALIFORNIA 
Phone 2-3934 





M. M. MONTGOMERY 


CONSULTING PETROLEUM ENGINEER 
Valuations, Drilling, Well Completions, 
Production, Workovers 
Property Management 
Williston, 
North Dakota 


Hapip Bldg. 
3-4642 














W. RUSSELL BIRDWELL 


Consulting Petroleum Engineer 
PHONE 6-6601 BOX 1348 
Frontier Oil & Gas Bidg. 
McALLEN, TEXAS 


FITTING & JONES 
Engineering and Geological Consultants 
Ralph U. Fitting, Jr 
J. R. Jones 
T. W. Hassell 
Natural Gas 

Box 1637 
Midland, Texas 


Petroleum 
233 S. Big Spring St 
Phone 4-445] 





JOHN A. NEWMAN 
Reserve Estimates, Property Valuation 
Reservoir Analysis 
319 Gulf Building Houston 2, Texas 




















BRADLEY, OLIVER AND 
ASSOCIATES 
PETROLEUM CONSULTANTS 
Geology, Engineering and Management 


903 Employers Insurance Building 
Dallas, Texas $T-5331 





ROBERT D. FITTING 
Petroleum Consultant 
Engineering and Geology 
MIDLAND, TEXAS 
202 West Building Phone: 4-4922 


NOWLAN-DODSON 
ENGINEERING, INC. 


Reservoir Analyses — Water Flood Projects 
Natural Gas Engineerina 
Gas Storage Reservoirs 
EVANSVILLE, INDIANA 
319 COURT BUILDING PHONE 5-8154 























JOHN G. CAMPBELL 


Analytical and Petroleum Chemists 
Podbielniak and Charcoal Analyses 
Waters - Oil Field Brines 
Field Sampling 
PHONE: 4-3071 CORPUS CHRISTI, TEXAS 


MICHEL T. HALBOUTY 


CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 
Shell Building 


Houston 2, Texas Phone PR-6376 


OILFIELD RESEARCH 


Core Analysis — Evaluation 
Development of Water Flood Projects 
Operation of Water Flood Projects 


EVANSVILLE, INDIANA 


1907 Division Street 
PHONES: 6-5591 (Night, 6-4882 or 6-0608) 




















CHEMICAL & GEOLOGICAL 
LABORATORIES 
Consultants - Investigations Evaluations 
James G. Crawford Chemical Engineer 
H. F. Summerford Petroleum Geologist 
George W. Davis, Jr. Petroleum Engineer 
P. O. BOX 279 CASPER, WYOMING 





R. G. HAMILTON 


Electric Log Analyses 
log Analysis Conferences 
Distributor Arps-Hamilton Loganalyzer 
HAMILTON WELL LOG CONSULTANTS 
Wright Bldg. Ph. 3-7055; 7-1825 Tulsa 


H. T. OLSEN 
PETROLEUM CONSULTANT 
Engineering and Unitization 

914 Fidelity Union Life Building 


Dallas, Texas RAndolph 3746 














E. W. HOUGH 
Emulsion and Pareffin Problems 
Box 7547 University Station 
Austin, Texas 








PETROLEUM CONSULTANTS 
Engineering ond Geology 
E. O. Bennett 
D. G. Hawthorn 
1552 Esperson Building 


James O. Lewis 
M. D. Hodges 


Houston 2, Texas 
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Rates Upon Request 








PETROLEUM TECHNOLOGISTS 
Production Research — Core Analysis 
Secondary Recovery 
868 Truckway, Montebello, Calif 
NORRIS JOHNSTON PArkview 1-5338 








KELLER & PETERSON 


Petroleum Consultants 
Reserve Estimates Reservoir Analysis 
Petroleum and Geological Engineering 
902 W. T. WAGGONER BLDG. 
FORT WORTH, TEXAS 
Phone: FOrtune 4340 
W. O. Keller L. F. Petersor 








ERNEST K. PARKS 
CONSULTING PETROLEUM ENGINEER 


Planning, Direction and Examination of 
Oilfield Operations, Estimates of Oi! and 
Gas Reserves, Oil Property Valuation 
306 N. Cliffwood Ave., los Angeles 49 
California 
Telephone: Arizona 34832 








HARRY H. POWER 
PETROLEUM AND VALUATION ENGINEER 
Box 1542 University Station 
Austin, Texas 








E. E. REHN 
Consulting Petroleum Geologist 
Oil Exploration 
Wood Building, 624 Locust Street 
EVANSVILLE, INDIANA 








R. WAYNE RUSSELL 
PETROLEUM CONSULTANT 
Geology, Engineering and Management 
625 Reserve Loan Life Bldg., Dallas, Tex., 
Phone ST-3020 








SOL SMITH 
CONSULTING ENGINEER 
PETROLEUM AND NATURAL GAS 
Reserves Deliverability 
Oil and Gas Proration 
913 BROWN BUILDING 
AUSTIN, TEXAS PHONE: 8-9498 











WM. H. SPICE, JR. 
Consulting Geologist 
2101-03 Alamo National Building 
SAN ANTONIO 5, TEXAS 








TRAFFORD & ASSOCIATES 


Geological, Petroleum Engineering and 
Management Consultants 
E. Trafford 
R. Pot 
J. B. Newland 
K. R. Stout 


Phones 

Wales Hotel Bidg. 692591 
10th Floor 61212 
Calgary, Alberta 61224 











Proposed for Membership, Petroleum Branch 





Total AIME membership on Dec. 31, 1953, 
was 19, 718; in addition 2,195 Student Assao- 
ciates were enrolled 


PETROLEUM BRANCH ADMISSIONS 
COMMITTEI 


F. G. Prutzman, Chairman; J. H. Sullivan 
F. C. Kelton ( arter Virgil Harris 
Charles Hudsor 


INSTITUTE ADMISSIONS COMMITTEE 


O. B. J. Fraser, chairman R. B. Caples 
vice-chairman; F. A. Ayer, A. C. Brinker, 
R. H. Dickson, Max Gensamer, Ivan A. Given, 
Fred W. Hanson, T. D. Jones, Sidney Rolle, 
J. H. Seatf, John T. Sherman, F. T. Sisco, 


Frank T. Weems, R. L. Ziegfeld 


The Institute desires to extend its privileges 
to every person to whom it can be of service, 
but does not desire as members persons who 
are unqualified. Institute members are urged to 
review this list as soon as possible and immedi- 
ately to inform the Secretary's office if names 
of people are found who are known to be un- 
qualified for AIME membership 


In the following list C/S means change of 
tatus; R, reinstatement; M, Member; J, Junior 
Member; A, Member; S, Student 


\ssociate 


Associate 
a 


California 


Brea Brown, James Spencer (M). 
Huntington Park McPhee, William Ar- 
thur (J). 
Los Angeles 
(C/S-A-M). 
Whittier 
Wilmington 
J-M). 
San Franciaco 


(R, C/S-S-M) 


Fernandes, Robert John 


Cheyney, George Raymond (J). 
Savoy, Basil Victor (C/S- 


Fairlie, Philip Galbraith 
Colorado 


Denver Conaway, Don William (M) 
Hill, Robert Cowdery, (R, C/S-J-M); 
Polumbus, Emile Anthony, Jr. (M). 

Illinois 


Slider, Hartzel Clinton (J) 


Centraia 
Salem Wilson, Bruce Lamont (J). 


Kansas 


Ellinwood 
\-M). 


Tiemeier, Paul Arthur (C/S- 


ouisiana 


Baton Rouge 
(J). 

Dethi 

Gretna Blomquist 
(R, C/S-S-J) 

New Orleans Gaffron, John M. C. (C/S- 
A-M); Le Blanc, Owen Vincent (M) 
Tankersley, William Richard (J). 

veport Bean, Ernest F., Jr (C/S- 

A-M); Cook, John Grady (J); Rogers, 
Robert Errett (M). 


Whatley, Errol Reneth, 
Fehrmann, Robert Lee (J). 
Harry 


Laurentz, Jr 


Massachusetts 


imherst 


(M). 


Farrington William senford 
Mississippi 
Jackson 


Natche 


Knobloch, Guy Joseph (M) 
McEver, Billy J. (J) 


Montana 
Lewiston Bush, Herbert Howard 
A-M). 

Billings Mullen, John Timothy, 
M) 


Oklahoma 
Norman Melton, Frank A. (M) 

Oklahoma City Powell, Herbert E 
(M); Young, Elburn Eugene (R, 

S-M) Heath, John sester Jr., 
C/S-S-M) 

Tulsa Bourne, Benjamin Wil'iam (M): 
Crews, William Daryl (J); Gregath, 
James Reed (J): Lembcke, Richard Ed- 
ward (M); Merliss, Frederick EF. (J); 
Smith, Loyd Thompson (M). 
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Texas 


Lhilene Cannon, Cecil Nathaniel (M) 
McGarr, Howell Joe (M) 


Corpus Christi Gill, William Gillette (M) 
Laws, James Taylor (J) 


Dallas Johnston, Orville Charles (M) 
Lewelling, Henry (R, M); Quayle, Alex 
ander (M):; Stepp, Vern E. (R, M) 

Fort Worth Netherland, Clarence Marti: 
(M) 


Houston Holden, James Edward (J) 
Murray, John Rylen (C.S-A-M): White 
Alvin Vernon (R, C/S-S-M); MeCarty 
Dana Gerald (CC S-A-M) 

Kilgore 

Levelland 

McAllen 


Midland 
Swaim, 


Van Os, Seymour, Jr. (M) 
Jones, Charles William (M) 
David, James Marion (J) 


Eldon Dean (M) 
Winston (C/S-A-M) 


Anderson, 
Howard 


Odessa Franks, Bennie Louis (R, C/S 
S-J). 

Overton — Garrot, Floyd Elmo (J); Lucy 
Marius James (J); Sullivan, Bruce Mil 
len (M). 

Pickton Wheeler, Frank Warren (J) 


Washington 


Shelton Crosby, Hartzell Lance (M) 


Wyoming 
Baroil 


Casper Curtis, Lawrence Buck (J); Red 
wine, Fletcher Horton (J) 


Morton Wilson, William Eugene (J) 
kkk 


Lannan, John Casimir (J). 


CENTER OF 
CONVENIENCE 


IN DOWNTOWN 


426 SOUTH HILL STREET 


555 BEAUTIFUL ROOMS 
ALL WITH BATH 


-rrom $3.50 


@ Coffee Shop 
@ Dining Room 
@ Cocktail Lounge 


One-half block from new 
Pershing Square Garage 


PETROLEUM TECHNOLOGY 





COMPANIES OFFER GRADUATE FELLOWSHIPS 
IN 1954-55 TO UNIVERSITY OF OKLAHOMA 


Five graduate fellowships in the 
School cf Petroleum Engineering 
at the University of Oklahoma are 
available for the academic year 
1954-55. Humble, Lane Wells, Shell, 
Sinclair, and Stanolind are offering 
the tellowships 

The stipends offered by the com- 
panies range trom 1,200 to 1,600 per 
academic year, plus additional sums 
for tuition, fees, and purchase of 
special equipment ranging from $300 
to $1,000, according to the fellow- 
ship offer 

The holder of each of the tellow- 
ships will be a candidate for the 
master’s degree in petroleum engi- 
neering. The Stanolind fellowship 
specifies training in the displace- 
ment of oil from reservoir material: 
the Sinclair fellowship is for study 
in secondary recovery; and the Lane 
Wells fellowship is for study in the 
field of well completions. Humble 
and Shell give no specification as 
to field of study 

The closing date tor applications 
to be received by H. W. Benischek, 
chairman of the School of Petroleum 
Engineering, is Apr. 15, 1954. Ap- 


ing bachelor’s degrees in petroleum 
engineering or a related field from 
iny accredited school 

Original applications should give 
full particulars name 
age, place of birth, citizenship, mari- 
tal status, complete record of col- 


university training (includ 


concerning: 


lege Or 
ing manuscripts), three letters of 
recommendation, under the 
G.I. Bill of Rights, extra curricular 
attainment in industrial 


experience, and other pertinent 


Status 
activities, 


details 


Engineering Manpower 
Commission of EJC Has Three 
AIME Members 

Three AIME members are on the 
Engineering Manpower Commission 
of the Engineers Joint Council. They 
are: George B. Corless, Standard 
Oil Co. (N. J.), Harold K. Work 
Engineering, New York 
University, and Lyman H. Hart, 
American Smelting and Refining Co 

The Commission fos the past four 
years has been concerned with “the 
relationship of specialized manpower 
to our overall mobilization structure.” 


College of 


AIME Student Paper Contest 
Adds Sixth Award of $100 


An additional award of $100 for 
vraduate students in the AIME Na- 
tional Student Prize Paper Contest 
has been authorized. Hereafter, win- 


ers in local section contests will 


have six chances instead of five to 


win turther honors 


Three undergraduates and three 
graduate student prizes of $100 wiil 
e awarded. One prize in each group 
will be given to students in Mining, 
Petroleum, 


Metals, and provided 


papers of a sufficiently high caliber 
ire entered 

junior Members will be eligidle to 
Student Asso- 
clates, if they are doing at least half 


compete as well as 


of their work in preparation for a 
master’s degree. 

James Milo Stewart, Student Asso- 
the University of Kansas, 
S. Navy, is one of ihe 


1953 


Clate at 
now in the l 
winners of the contest. Hts 
paper is “Calculation of Gas Reserves 
ina Small Kansas Gas Pool,” entered 
y the Kansas Section. No graduate 
papers of sufficiently high standard 
were entered this vear from any 


branch 


plications are invited from men hav- 





FREE TO AIME MEMBERS 


Production Review Summary For 1953 


\ COMPLETE, INTERPRETATIVE REVIEW OF LAS1 
YEAR'S PropuctTion HIGHLIGHTS PREPARED 
FROM FINAI RELEASED BY MaJsor 
(LOMPANIES AND GOVERNMENTS. 


Prepared by the Petroleum Branch, AIME Production Review 
(_ommittee nd presented t the Annual AIME Meeting 


Why the Decrease in New York 
FREE TO AIME MEMBERS 


SOUTH AMERICA Ace say gett orgr wetaay SAE 


Brazil, Colombia Set Records in Dallas. Complete 


AND DISCUSSIONS BY 
PRODUCTION IN: 


INCLUDING STATISTICS 


COUNTRIES AND AREAS O1 

om om citi STATISTICS 

THE UNITED STATES 
fnother Record-Breaking Year 

CANADA 

Ietivity 


Petroleum Branch Office 


ind mail fer a COPY 





EUROPI 
Italy Shows Promise 
THE FAR EAS 
Sumatra. Australia Look Good 


THE MIDDLE EAST 
370.000 B/D Increase 


AFRICA 


Surprising Exploratory 


branch. AIMI 


on Buildine 


Pe troleum 
800 Fideliiv | 
Dallas. 


Texas 


Please send m> a copy of WORLD-WID! 


DUCTION REVIEW FOR 1953. 


PRO- 


\ 
yame 


Mailine 


{etivity 


Address 
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DRILLING INFORMATION 
EXCHANGE EXPLAINED 


An exchange of drilling informa- 
tion and experience which has been 
taking place in the Rocky Mountain 
region for the last two and one-hail 
years was explained by E. A. Polum- 
bus, Jr., in a recent talk before the 
Denver Lecal Section. 

“Some General Aspects of Drill- 
ing Characteristics and Control in the 
Rocky Mountain Region” was the 
title of the address by the Denver 
petroleum engineer. 

He explained that accelerated drill- 
ing activity and continuing rise in 
the cost of finding oil is presenting 
a challenge to operators and drilling 
contractors to intensify their search 
tor more efficient and less expensive 
methods of drilling for oil. 

In the Rocky Mountain Region, 
drilling activity has increased over 
300 per cent during the past five 
years. During 1953, more than 17 
million feet of hole was drilled in 
wildcat and development wells. 

Recognizing this challenge, Polum- 
bus’ engineering group inaugurated 
a Drilling Analysis Service about two 
and one-half years ago. Basically the 
service provides for the exchange of 
drilling experiences in an orderiy 
and systematic manner. This allows 
the industry of that area, rather than 
individuals, to review the varied ex- 
periences and, where possible, effect 
improvements. 

In the service, wells are selected 
for analysis to: (1) evaluate spe- 
cial drilling techniques and problems, 
(2) evaluate benefits of diamond 
drilling, (3) study improvement in 
drilling progress in active develop- 
ment areas, and (4) compare slim- 
hole drilling with conventional 
drilling. 

Slides were presented to show how 
how the analyses can be used to 
study penetration characteristics of 
various formations at various depths. 
Statistical correlations were presented 
relating new hole bits to net days in 
various basins. 

\ statistical correlation was shown 
in which normal time per round 
trip with drill pipe was related to 
depth. It was pointed out how this 
correlation is particularly useful in 
estimating net drilling time in a 
given area where only “on botto:n” 
time is available. 

The speaker explained that the 
purpose of his talk was to stimulate 
interest in the importance of better 
understanding of drilling character- 
istics and control in the Rocky Moun- 
tain area by showing examples of 
techniques in drilling efficiency. *** 





















































































































































































































































Genera 









+ 








» 








ihe fa 
and Plaht — 661% 










SOUTH PLAINS LocaL SECTION meeting. Left to right are: Norman Lamont, 
Texas Tech; B. J. Rhoades (the speaker), Odex; J. J. Riha, Stanolind; K. D 
McPeters, Stanolind: William H. Waddlington, Stanolind; and John Sanders, 
Magnolia. 




















hea 


Tue Lou-ArkK SECTION officers for 1954 are, left to right: E. S. 


Doyle. 
second vice-chairman, First National Bank of Shreveport; E. P. Ogier, sec- 
retary-treasurer, W. C. Spooner, Inc.; B. F. Patterson, Jr., first vice-chairman, 
The Texas Co.; and C. R. Olson, chairman, Ohio Oil Co. 


eS i an 


New OFFICERS OF THE WEST CENTRAL TEXAS SECTION are, left to right: 
James E. Russell, second vice-chairman, Reddin Operators Committee; Dal- 
ton Moore, Jr., chairman, Wimberly Field Unit; and Harold Lacik, secretary- 
treasurer, Warren Petroleum Corp. Not pictured is Joe B. Jenkins, first vice- 
chairman, Stanolind. 
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Tulsa Study Group Hears 
Talk on Unitizing Early 


Alvin E. Hall, an area _ super- 
vising petroleum enginer for Phillips 
Petroleum Co., spoke to the Mid- 
Continent Study Group recently on 
the unitizing of an oil field early 
in its life 

Information was presented con- 
cerning the Southwest Antioch Gib- 
son Sand unit, located in Garvin 
County, Okla., which was unitized 
before the bottom-hole pressure had 
undergone a severe decline. 

Four months after the field was 
unitized on Apr. 1, 1948, gas injec- 
tion facilities were in operation and 
produced gas was returned to the 
reservoir. Gas injection early in the 
life of the field resulted in maintain- 
ing higher rates of production than 
in the adjacent, non-unitized fields, 
he explained. 


The original unit of 67 wells has 
been enlarged five times under the 
Oklahoma unitization law, and now 
contains 238 wells on 9520 acres 
Participation in the unit is based 
on a formula which contains the 
following factors. Acre-feet of pro- 
ductive sand, bottom-hole pressure, 
well potential, and rate of oil produc- 
tion at a specified maximum daily 
gas production. 

\s a result of water injection, the 
gas-oil. ratio has been maintained 
approximately constant and the rate 
of oil production has been main- 
tained at approximately 6500 B/D 
for the past 18 months. Oil pro- 
duction is increasing gradually and 
at the present time the unit is pro- 
ducing 7000 B/D 


AIME-Socony Vacuum Offer 
Scholarship; Rules Revised 


The AIME-Socony- Vacuum 
Scholarship of $750 for undergrad- 
uates in petroleum engineering or 
allied curricula is being offered again 
in 1954-55, according to Jack I. 
| audermilk, Socony Vacuum Oil Co. 
Revised rules for the award will be 
announced later. 


The scholarship will be admin- 
istered by a committee of six, to in- 
clude: three members of the Petro- 
leum Branch, the executive secre- 
tary of the Branch as chairman. 
the present secretary of the Techni- 
cal Publications Committee as sec- 
retary, and the secretary of the 
Student Relations Committee of the 
Institute, ex officio. 








Employment Notices 





The JOURNAL will post notices of 
men and jobs available. Companies 
and AIME members are invited to 
use this space, for which there is 
no charge. Except as noted below, 
address replies to: Code (appropriate 
number), JOURNAL OF PETROLEUM 
TECHNOLOGY, 800 Fidelity Union 
Bldg., Dallas 1. Show return address 
on envelope. These replies will be 
forwarded unopened and no fees are 
involved. 

Replies to positions coded Y9664, 
C160S5A and Y9516 below should be 
addressed to Engineering Societies 
Personnel Service, 8 West 40th St., 
New York 18, N. Y. The ESPS, on 
whose behalf these notices are pub- 
lished here, collects a fee from ap- 
plicants actually placed. 


PERSONNEL 


@ University Position. Teacher quali- 
fied for courses in reservoir mechan- 
ics and reservoir engineering on 
the advanced undergraduate level. 
Should have an advanced degree, al- 
though not necessarily in petroleum 
engineering. Rank and salary are 
open. Division of Petroleum and 
Natural Gas Engineering, The Pen- 
nsylvania State University, State Col- 
lege, Pa. 


@Petroleum Engineer. Britian with 
seven years experience with major 
company in drilling, production, and 
subsurface engineering in different 
parts of the world desires position 
in California. Code 213. 


@ Geologist, PhD with minors in geo- 
physics and petroleum engineering: 
undergraduate engineering mathema- 
tics. Experience as collegiate mathe- 
matics instructor and in principal 
phases of exploration in major pe- 
troleum provinces. Desires position 
in reservoir engineering or evaluation 
work. Available about April 15. 
Code 214. 


POSITIONS 


@A state university in a major oil 
producing state in the South is ex- 
panding its petroleum engineering 
department. If you are interested in 


advanced degree in engineering or 


science with company experience, 
you should investigate this oppor- 
Please submit 


tunity. complete re- 


sume. Code 557. 


@Oil Field Production Assistant with 
experience keeping field records, tab- 
ulating data and typing reports. Sal- 
ary, $3900-$5200 a year. Headquar- 
ters, New York, N.Y., Y9664. 


@Sales Engineering Trainee, 25-29, 
engineering degree. Must have been 
an honor student and have definite 
sales aptitude. Will sell complete lub- 
ricating program to industrials cov- 
ering full line of petroleum products, 
and will deal with top management 
tor most part. Salary $400-$450 pei 
month. Employer will negotiate fee. 
Location, Chicago. C1605A. 


@Senior Design Engineer with pe- 
troleum refinery experience, to take 
charge of plant design, layout and 
liaison work with oil company. Sal- 
ary, $8000 a year. Location, New 
York, N.Y. Y9516. 


Fracture Treatments Talk 
Given to Dallas Section 


“Evaluation of Fracture Treat- 
ments” was the subject of a talk by 
E. H. Timmerman, Shell Oil Co., 
betore 90 members of the Dallas 
Local Section in February. 

The value of pressure build-up 
data studies following fracture treat- 
ments was explained by Timmerman, 
Tulsa area 
Shell. Fracture treatments overcame 
detrimental effects of drilling and 
completing operations in cases 
pointed out by the speaker. 


reservoir engineer for 


The calculated detrimental effects, 
or skins, and the productivity indices 
both indicated that fracture treat- 
ments reduced pressure drop when 
measured with the well flowing at 
a common rate in the wells cited 
Timmerman said that the build-up 
method alone can be used to fore- 
cast the results of fracture treatments 
as well as to study the effectiveness 
of various completion practices. 

He stated, “Fracture treatments 
can be expected to prolong the flow- 
ing life of these wells and some 
increase in ultimate recovery may 
be anticipated. 





HAVE YOU CHANGED YOUR ADDRESS? 


In order that publications and correspondence may reach you promptly, the 
Petroleum Branch, AIME, should be advised 2s soon as possible of any change 
in your address, preferably a month before the change becomes effective. For the 
AIME directory and for the Personals column of the JouRNAL oF PeTroLteuM TECH- 
NOLOGY, additional information is desired. The form below is provided for your 
onvenience, and should be sent to Petroleum Branch, AIME, 800 Fidelity Union 


Bldg., Dallas 1, Tex. 


Name 


Old Address 


New Address_ 
for 
Publications — 


Title or Position Held 
Address for 


Directory 
Listing 


List below your former title or company position, 
other information of interest to your associates for publication in the JourNAL OF 


PeTROLEUM TECHNOLOGY 


Membership No. 


ure of your new position, or 


One month normally required for change of address. 





teaching and research and have an 
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ONE testing string with EVERYTHING... 


TO PROVIDE MOST COMPLETE, MODERN, ACCURATE DATA AVAILABLE... 


HALLII! TON’S 


HYDRO-SPRING TEST 


The majority of operators, approving the leader, pick Halli- 
burton’s Testing Service. For here is the one complete string 
with all the newest fact-finding tools and instruments to 


provide more information more accurately. 


cs ORS 
ro oe eS a ee 


} 
| 
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MAKING TESTING HISTORY ARE THESE HALLIBURTON FEATURES: 


NEW HYDRO-SPRING TESTER 


Opens easily by weight of drill pipe 
with positive surface indication. Elimi 
nates rotating, dropping bar, turning 


NEW EXPANDING SHOE PACKER 


Decreases jarring and pulling to 
release packer, minimizes drag going 
in hole, reduces number of misruns in 


over-sized holes, leaves less rubbe to 
be drilled out 


J slots. Can be run in faster, reaches 
bottom easier, even in tight holes. 
Permits reversing off bottom while 
taking closed in pressure. Performs 
test with far greater success than any 





BOURDON TUBE PRESSURE 
RECORDING DEVICE 


ever used. 


Provides greater accuracy in recording 
pressures. Absence of packing glands 
makes it super-sensitive to the slightest 
variations of pressure changes. Included 
with Standard Pressure Recording 


NEW EQUALIZING BY-PASS 


Allows easy, rapid descent of string, 
reduces possibility of damaging 
formation, prevents fluid loss to for 
mation, prevents flow of fluid from 
productive formation below bottom 
packer. 


Device at no extra cost 


Eee ye 
| 
r. 


Now add Halliburton’s million-job experience, quarter- 
century research, the close attention of responsible per- 
sonnel, the minutes-away availability of Halliburton’s 
and you'll agree it deserves its leadership 
Be sure you get the one testing string with everything 
for the most modern, complete, accurate data. Phone 
your local or district Halliburton office. Or contact 
Halliburton Oil Well Cementing Company, Duncan, 
Oklahoma. 
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Reports on Germany, Local Production 
Heard by Pacific Chapter Junior Group 


“The Oil Industry in Germany” 
was the subject of a talk by Bob 
Pearce, Signal Oil and Gas Co., be- 
fore the AIME Junior Group of the 
Pacific Petroleum Chapter at their 
February meeting. Slides were shown 
of operations in the Hanover and 
Emsland areas. 

Germany’s first discover was near 
Hanover, in 1874. Including the dis- 
covery well, which still produces, 308 
wells are now producing 540 B/D 
of 18-27 gravity oil from the Creta- 
ceous at 300 to 1000 ft. About 
17,000,000 bbls have been produced 

Production is also obtained from 
mines near Hanover. Vertical shafts 
are dug to the 300-ft level, where 
oil sand is mined along horizontal 
beds, removed by rail and elevator, 
and finally “steam cleaned” at the 
surface. Recoveries of | bbl/ton 
(about 2000 bbls/acre ft) are ob- 
tained in this way. Before a mine is 
abandoned all cleaned sand is trans- 
ported back to the mine to prevent 
future subsidence. 

In the Emsland area, wich is on 
the Dutch border west of Hanover, 
it was not until 1938 that oil was 
discovered. Soon afterward Germany 
Was at war, heightening the need for 
ol, and Emsland oil development 
skyrocketed. However, canals were 
the only available means of  trans- 
portation, and by the end of the 
war, great stores of oil were left at 
the docks. 

By 1947, the U.S. allocated money 
for reviving the German oil industry, 
and since then additional production, 
transportation, and refining capacity 
has been added. 

Germany’s total yearly production 
amounts to about 12,800,000 bbls 
at the present time, of which 42 per 
cent comes from the Emsland area. 
The present 268,000,000 bbl proven 
reserve is expected to continue its 
accelerated rise, due principally to 
development along the Dutch border 

Germany now is able to refine 
about twice their productive capacity, 
but consumption exceeds their pro- 
duction by nearly three times. There- 
fore, in spite of present strides in oil 
development, it may be some time 
before the German oil industry can 
supply its own needs, the speaker 
stated. 

During the remainder of the meet- 
ing, a series of brief talks were given 
on recent activities of the major oil 
companies. 


David K. Hayward, Texas Co.. 
gave a review of drilling and oper- 
ating problems in the newly dis- 
covered Del Amo and Olive fields. 
Early difficulties with lost circulation 
were overcome by running more sur- 
face pipe and by a particular program 
of mud control. Gravel packs and 
heater-treaters have 
tain production problems. 

Floyd Schoonover, Monterey Oil 
Co., spoke of his company’s offshore 
activities at Seal Beach and West 
Newport Beach. In each area, a dis- 
covery well has been completed. At 
West Newport Beach, where the 
second well is now being drilled, 
“frog-men”™ equipped with aqua lungs 
have been doing geologic “surface” 
mapping at 150-200 ft depths, along 
the ocean floor. The next well at 
Seal Beach is due to be spudded 
about Apr. 1, and is to be a straight 
hole from the steel and concrete 
drilling island, which is 75 ft in 
diameter and is located 8000 ft off- 


answered cer- 


shore. 

Max Taves, Richfield Oil Corp., 
drew a through the 
Wheeler Ridge oil field and located 
the newly discovered Eocene pool, 
below and to the north of the thrust 
fault. Formerly, principal production 
had been from the Valv, Olcese, and 
Vedder sands. Now, Eocene wells on 
20-acre spacing make over 200 B/D 
each from the 310-ft sand section. 

Harry Keegan, Union Oil Co., 
described operational features of the 
Dominguez waterflood. At present 
5,000 to 6,000 B/D of oil field 
brine are injected at wellhead pres- 
sures varying between a vacuum 
and 1950 psi. Surface installations 
consist of a primary skim pond, an 
iodine recovery plant, chlorination 
facilities, an oil-water storage plant, 
a leaf type filter with filter aid and 
pre-coat, a clean water storage pit, 
a centrifugal charging pump, a Tri- 
plex fluid injection pump with alu- 
minum bronze fluid end, and cement 
lined steel pipe leading to injection 
wells. The large scale water flood 
project with Union Oil Co., Shell 
Oil Co., and Dominguez Oil Fields 
Co. is scheduled to start in mid- 
summer of 1954. wk 
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Necrology 


Date Date of 


Elected Name Death 


144 Dana D. Champior Nx 


44 Leonard J. Neuman Dee 18, 1953 
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Major Membership Drive 
Starts This Month With 
3000 on Mailing List 


A major drive for Petroleum 
Branch AIME membership will be 
launched this month. Explanations of 
the benefits of membership will be 
sent to over 3000 prospective mem- 
bers. 

Several mailing pieces are being 
devised for this membership drive, 
and three copies of the JOURNAI 
OF PETROLEUM TECHNOLOGY will be 
sent to the selected group. The num- 
ber of new members brought’ in 
through this program is expected to 
surpass the total of almost 700 who 
joined the Petroleum Branch of the 
AIME in 1953. 

The success of the drive will be 
dependent upon the work of the local 
sections in following up the mail 
approach, says Gene Scheirman, 
chairman of the Membership Com- 
mittee for 1954 

“We hope that each man on ou! 
mailing list will be contacted by the 
lecal section of his area, and that 
additional names will be submitted by 
all sections to the Dallas office,” 
states Scheirman. “Names of the 
men in each area who are receiv- 
ing the literature will be sent to 
the appropriate local section so they 
may be contacted on a_ personal 
basis.” 


CLAY-WATER SYSTEM 
CONFERENCE SCHEDULES 
PETROLEUM PAPERS 

The clay-water system will be 
the subject of the 1954 Pacific Coast 
Regional Conference on Clays and 
Clay Technology. The conference ts 
to be held on the Berkley campus 
of the University of California on 
June 25 and 26. 


Workers in the fields of petroleum, 
soil science, soil mechanics, geophy- 
sics and ceramics will present pap- 
ers. Permeability of liquids through 
formations, swelling of clays, vis- 
cosity, and plasticity will be the sub- 
jects of the papers. Papers will be 
presented in the morning and dis- 
cussions will be held in the afternoon. 


N. G. GUIBERSON DIES 


Nathaniel Greene Guiberson, vice- 
president and director of The Guiber- 
son Corp., Dallas, and pioneer oil 
man, died unexpectedly Feb. 15. 
He tounded The Guiberson Corp. 
in 1919. 
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High Pressure Viscosimeter 


INSTRUMENTS for the Oil Industry 


Ruska Instrument Corporation specializes in the 
development and manufacture of scientific 
instruments for the oil and mining industries. 


Reservoir Engineering 
Pressure Measurement 


. lete 
Volumetric Pumps ew, Comple 


Ask for N G 
Core Analysis 1953 — 


Ruska Instrument Corporation 
4607 MONTROSE BLVD. HOUSTON 6, TEXAS 








Always 

UP TOTHE 
MINUTE 
and 
DOWN TO 
THE FOOT! 


Yes sir! 
Geolograph gives 
you the information 
you need—at the 
time it is of the 
most value to you: 
while the well 

is drilling! 


GEOLOGRAPH 


MECHANICAL WELL LOGGING SERVICE 
P.O. Box 1291+ Oklahoma City 1, Okla. 


Farmington, New Mex. * Liberal, Kan. * Oklahoma City, Okla. * Bakersfield, Cal. 
Abilene, Houston, Odessa, Lubbock and Wichita Falls, Tex. * Shreveport, and 
Baton Rouge, La. * Casper, Wyo. * Glendive, Mont. * Sterling, Colo. * Calgary. 
and Edmonton, Alberta, Canada * Regina, Saskatchewan, Canade 
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Lane-Wells 


Both cost ’um 
Same money 


— which one 
Lane-Wells you want? 


Trained 
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Lane-Wells 
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